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BUILT TO TAKE 
FULL ROCKET 


Type D-1115 
Pilot Seat Actuator 


... designed, 

produced 
and delivered 
in 79 days! 


Tovay's Most RUGGED new seat Ww 
actuator has been successfully designed . 
by EEMCO to take the full blast reaction of a 
rocket that ejects a pilot seat upward instead of 
down. This EEMCO actuator is a critical part in the 
retro-fit program that will cover the full production run 
of one of our latest supersonic fighters. The actuator 
straddles the rocket...it had to be rugged! Yet weight and 
space limitations were highly restricted. 

The actuator was specified for an ultimate static load of 12,000 
Ibs. in tension and 4100 Ibs. in compression. To insure absolute reli- 
ability, no castings were used in the stress path, and subsequent tests 
indicated buckling and ultimate tensile loads of 12,500 Ibs. and 23,500 Ibs. 
respectively. Stroke limits are controlled by non-jamming mechanical stops. 
This obviates the need for limit switches. The two jacks are synchronized, one 
made adjustable for easy installation of the actuator in a precise position so 
that unison of stroke and end stops would not be affected. 

This important project assigned to EEMCO is being carried out on a tight 
customer-dictated delivery schedule under EEMCO’s rigid quality control 
policy despite the urgency of the program. 

Your inquiries are invited when similar critical problems confront you. 


NOTE THESE SPECIFICATIONS: 
Travel: .34 inches per second 


YOUR ATTENTION PLEASE Stroke : 4.5 inches 

EEMCO is now a division of ELECTRONIC SPECIALTY CO., 5121 San Fernando Road, Los Normal lead : 400 Ibs. (200 Ibs. per jack) 
Angeles 39, California, producers of complete electronic systems and components for Compression load: 4100 Ibs. 

missile, drone, aircraft and ground support equipment. Your Electronic Specialty Co. Tension load: 12,000 Ibs. 

representative will be pleased to serve you in your requirements for all EEMCO products. Voltage : 26 volts DC (available as 400 cycle AC) 


Weight: 8.5 Ibs. 
Meets MIL-SPECS £-5272A, M-8609 and A-8064A 


3 £ M Co a division of 


ELECTRONIC SPECIALTY CO. 


4612 South Jefferson Boulevard, Los Angeles 16, California * Telephone REpublic 3-0151 


DESIGNERS AND PRODUCERS OF MOTORS, LINEAR AND ROTARY ACTUATORS AND RELATED EQUIPMENT 


€-59-5 
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NEW EEMCO PILOT SEAT ACTUATOR 
VAN y ; 4 ne 
See OX. BLAST REACTION | 
Q | 
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STRATO-THERM 
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| TERMINALS AND SPLICES 


oer — a 
ne ae 


up to 1200°F. operating | 

temperature i ; 
Solid, ‘stranded or j 
\ | Ghockand coresin =—=«=«=«=«‘“*‘CERTMSEAL:«SSPLICES 
resistant - : AMPLI-NYL TERMINALS AND SPLICES 


~ \ wire size range 22-10 AWG 
— ‘serrated inner barrel for combined wire size range 22-2/0 AWG 
; i} maximum tensile — exceed miliivolt-drop specifications 
| Fone Lita uate sd ae) finest nylon pre-insulation 
shock ard corrosion resistant 
color coded by wire size 


USE CIRCUIT RELIABILITY 
IS VITAL . 


... AMP's product is more than fine 
circuit terminals . . . more than 
remarkably precise compression- 
crimp tooling . . . more than an error 
free, fast-method of attachment. 


AMP's product is finished crimp | BATCHCORD PROGRAMMING UNITS” 
type terminations on your circuitry (Airborne "240" shown) — ' 
wires ... by the hundreds or mil- universal or shielded systems : 
lions . . . of the highest reliability, patented wiping action pre-cleans pins 
. « +» performing undér, gruelling end contact springs 


} 
es : ‘ } nylon sleeve insulates and firmiy seats : 
conditions . . . from basic terminals patchcord pin in board d 
to complete patchcord systems. contacts have rear bosrd accommodation for 
' taper pins te provide ieliable solderless lead 

terminations | 


aa SE ORe. C8 ree Oa LF BES OP AS SON ee Oe ae eS ae ee 


‘reliable disconnect ‘for ground 
# “and instrumentation application 
; Sarno be electrically disengaged 
without mechanical separation = 
—e@ fi ve indexed positions: permit strain-ree 


COMPLETE INFORMATION ON THESE FOUR PRODUCT LINES IS AVAILABLE ON REQUEST. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Japan 
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MRGRAFT ecco 
j volume 2, number 6 


MISSES say 
MANUFACTURING Procurement fe d { U re > 


a Chilton publication 


RE ERS oo I RR ANN NE EG A SE 


Statt 


JOHN C. HILDRETH, JR., Publisher 
W. THOMAS H. MacNEW, Editor 


EDITORIAL as 
S. PETER KAPRIELYAN, Technical Editor - 5— 
JOHN P. KUSHNERICK, Materials Editor X 1 the airframe 
HARRY CASTERLIN, Art and Editorial 
Production Mgr. 
PETER R. SIGMUND, News Editor 
MARCUS AINSWORTH, Statistical Editor 
HAROLD M. NELSON, Specifications Editor 
HOWARD KOHLBRENNER, Art Director 
ROBERT GUNNING, Readability Consultant 
HARRY R. KAUCK, Technical !Ilustrator 


REGIONAL and FOREIGN EDITORS 
Los Angeles—J. PHILIP GEDDES, Technical Editor, 
West Coast 


Cleveland—JOHN KEVERN, Technical X-15—the material 
Detroit—JOSEPH GESCHELIN, Technical 
HUGH C. QUINN, News 
Washington—GEORGE H. BAKER, Chief 
RAY M. STROUPE, News 
NEIL R. REGEIMBAL, News 
Washington Member, Editorial Board— 
PAUL WOOTON 
Evrope—RONALD A. COLE 
BUSINESS 
sonatas’ | « peony Asst. to Publisher 
. HH. LLER, Advertising Manager L 

JAMES CADAGAN, Circulation Manager X-15—the engine 
JOHN H. KOFRON, Director of Research 
NORMAN M. LLOYD, Marketing Manager 
JOHN H. DAVIS, Marketing Research 


REGIONAL SALES MANAGERS 
Atlanta—JOHN W. SANGSTON 

911 Wm. Oliver Bidg., 32 Peachtree St., N.E. 
JAckson 3-679! 

Chicago—RICHARD P. McCLANAHAN 

360 N. Michigan Ave. RAndolph 6-2165 
Cleveland—ROBERT COBURN 

930 B. F. Keith Bldg. SUperior 1-2860 


Dallas—WILLIAM J. SMYTH > — 

Meadows Bidg. EMerson 8-475! X 15 flight instruments 
Los Angeles—JACK KAY 
198 S. Alvarado St. DUnkirk 7-4337 
New York—TED DRISCOLL 
100 E. 42nd St. OXford 7-3400 
Philadelphia—GEORGE ISHERWOOD 
Chestnut & 56th Sts. SHerwood 8-2000 
San Francisco—DON MAY 
1355 Market St. UNderhill 1-9737 


CHILTON COMPANY, OFFICERS AND DIRECTORS: 


Wwesidenh ©. . oso i 
ice Presidents ; 
P. M. FAHRENDORF X-15—hydraulic seals 
LEONARD V. ROWLANDS 
GEORGE T. HOOK 
ROBERT E. McKENNA 
Treasurer: WILLIAM H. VALLAR 
MAURICE E. COX 
EVERIT B. TERHUNE, JR. 
FRANK P. TIGHE 
RUSSELL W. CASE, JR. 
JOHN C. HILDRETH, JR. 
CHARLES A. S. HEINLE 
JOHN H. KOFRON 


Comptroller: STANLEY APPLEBY | X-15—a prodigious project 


Editorial and Executive Offices: Chestnut 
and 56th Sts., Philadelphia 39, Pa. Sliler- 
wood 8-2000. 


oa 


Accepted as controlled circulation publica- 

tion at Philadelphia, Pa. Copyright 1959 

by Chilton Company. Published monthly. 

Subscription rates: To manufacturers in and s . 4 

suppliers to the aircraft and missiles industry optics in the wind tunnel 
in the U. S., U. S. Possessions and Canada, 

$5.00 per year, $9.00 for two years; all others 

$10.00 per year. Single copies $1.00, special 

issues $2.00. Foreign $20.00 per year—single 

copies $2.00, special issues $3.00 per copy. 
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THE COVER STORY 


During the coming months a lone man will make 
successive attempts to peek beyond the fringe of 
the Earth's life sustaining atmosphere. By doing 
this he will establish the first toe hold for the 
generations to follow him. The vast human effort 


behind this undertaking may perhaps indicate the | — 
effort required for more ambitious plans, and mo- : 
tivate. greater scientific cooperation on a world- 2. 
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VERSATILE MARKER 


for rounds or flats 


If you have a variety 

of shapes to mark, write for 
Bulletin FGP 20. Full descrip- 
tion of Matthews General Pur- 
pose Machines. 


HIGH SPEED MARKER 


for round shapes 


Continuous Marker for round, 
solid, tubular, or conical shapes. 
Can be equipped with Feed and 
Ejector for automatic operation. 
Write for Bulletin 146 C-9. 


SPECIAL MARKERS 


for special product shapes 


j 


ae 
— 


Simple hand units or electronic 
marvels; all provide the sim- 
plest, most economical marking 
for special applications. Write, 
giving details or send sample 


product. 
RY 
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BORESIGHT ACCURACY TO %s MILLIRADIAN ? SEE BRUNSWICK 


Brunswick-built radomes are set- 
ting new highs not only for strength- 
to-weight ratios, but accuracy as 
well. The reasons for the accuracy 
are simple: Brunswick has the test 
facilities and know-how that are 
without peer in the industry. Three 
radome ranges which automatically 
detect boresight error to an accu- 
racy of 4» to 4; milliradian are now 
in full operation at Brunswick. 


Soon to be in operation: two 1,000- 
foot ranges, manually operated, 
that will assure even more refined 
accuracy, detecting errors as small 
as 5 seconds of arc. Also, as an aid 
to design, quality control and main- 
tenance of electrical tolerances, 
Brunswick is currently utilizing a 
one-horn interferometer for accu- 
rate IPD measurements and correc- 
tions before final range testing. 


Behind these extensive test facili- 
ties operates an engineering team 
skilled in both detecting and cor- 
recting boresight error. To learn 
how this combination of facilities 
and engineers can give you uniquely 
accurate, tough and lightweight ra- 
domes, write to: Brunswick-Balke- 
Collender Company, Defense Prod- 
ucts Division Sales Manager, 1700 
Messler St., Muskegon, Michigan. 


ISIBRUNSWICK 
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X-15—evolutionary not revolutionary 


Much excitement has been stirred up over 
man’s attempt to break into space and return. 
Manned missile and revolutionary are terms 
pinned on the X-15. 

It is a little of both, and yet it is neither. 
The “15” is an aerodynamically sound craft in- 
corporating proved principles of powered flight. 
But, there will be portions of X-15 flights where 
50 years of accumulated knowledge in aerody- 
namics will not apply. 

Some of its design characteristics are out- 
growths of the modern high-mach aircraft. Its 
power is just a little less than that of most pres- 
ent day missiles used for space exploration. Ma- 
terials used to produce it are not foreign to our 
current technology. Production processes have not 
been altered to any great extent. 

Certainly, important improvements have 
been made during the long and tedious design, 
testing and production phases. This is true in any 
significant development program. 

What we have is a well-designed vehicle 
capable of flying higher and faster than current 
production planes. This is, in a way, the same as 
the difference between the F-51 and the F-104. 
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The “15” has been designed for a partic- 
ular mission—“fringe-of-space-research.” It was 
built with the materials and processes of today. 
This is important. Its development represents a 
high degree of evolution; it is not revolutionary. 

What the industry lacked, and still lacks, is 
an electronic computer, in a small package, capa- 
ble of the performance of a highly-trained human 
brain. If such an item were available, it would 
have been used to look for the answers we now 
seek in “manned space-flight.” It isn’t available. 
Thus, man must program the flight activities of 
the ship. Man has choice of the mission during 
operation. He has the option of complete abortion. 
Man is the complex computer. 

Though some of the industry’s most highly 
refined instrumentation has been incorporated 
in X-15, human judgment and “seat of the pants” 
flying will play a major part in bringing the bird 
home. Certainly, this aspect of flight hasn’t 
changed. 
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INTEGRAL INCONEL x 
| Ny TANK 


>o— X-15-the airframe 


fuselage designed in four major segments, 
attach points on integral tankage 


serve as main wing-to-fuselage juncture 


By North American Aviation’s definition 
X-15 is a research vehicle, “to obtain knowledge 
of actual flight conditions beyond the Earth’s 
atmosphere, aerodynamic heating and heat trans- 
fer, and the measurement of heat on structural 
components.” Flight conditions include control, 
re-entry, and human-factor problems. But, behind 
the spectacular mission of the X-15, lies an ex- 
panse of remarkable manufacturing achievement. 

North American is contracted to build a 
total of three X-15’s. Within the contract there 
is no time allowed to develop and gradually in- 
corporate each departure from conventional de- 


6 


by J. Philip Geddes 


sign and fabrication practice into a production 
series. All the unusual design features necessary 
for X-15’s research function, are built directly 
into the three aircraft. The overall departure 
from traditional design is reflected by the exten- 
sive structural welding used; about 65 per cent 
of the X-15 airframe is welded and 35 per cent 
fastened. The X-15 is designed to tolerate tortur- 
ing effects from experiencing —300°F and 1200°F 
simultaneously. 

In choosing a material for the X-15 skin, 
in addition to normal factors such as strength, 
modulus of elasticity, and strength - to - weight 
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ratio; factors such as thermal conductivity, co- 
efficient of thermal expansion, surface emissivity, 
oxidation-resistance, and temperature dependence 
properties were considered (AMM May, 1958). 
Structural integrity at high temperatures is pre- 
served by using Inconel X in 100 per cent of the 
skins, fastened to Inconel X and A110-AT titan- 
ium ribs, stiffeners and frames. Aluminum alloy 
is also used where heat is no factor. 

Inconel X forming characteristics are 
similar to those of stainless steel in the annealed 
condition; no special machines were required for 
forming. However, special tools were designed to 
adapt conventional machines to make parts such 
as the flanged, formed corrugation used in the 
stabilizers, speed brake doors and surface con- 
trol-beams. 

These stabilizer frames required extremely 
accurate development of material prior to form- 
ing. Tools adapted to power brake and punch 
press had to be built much more precisely because 
of the thin gauges of material used. It would 
have been too costly to fabricate tooling capable 
of building finished parts; therefore, tools were 
made to do certain operations on all of the frames 
and the remainder of the fabrication was ac- 
complished on benches by hand. The greatest 


Lox-tank shell is shown in circumferential fusion-weld 
jig; tank end strap has been positioned. Rotary-weld 


fixture is tilted to puddle the weld. 
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difficulty was encountered in the extensive form- 
ing and the thin gauges involved. 

Forming of A-110 titanium sheet proved 
also difficult. The major problems here were due 
to hot forming; higher temperatures and ac- 
curate temperature-control were needed. Form 
blocks with wiper plates were used on many of 
the difficult parts. The tools and the material 
were heated to 1200°F and formed on conven- 
tional equipment such as arbor press, power 
brake, punch press, hydro-press. High-pressure 
lines, on the ship, were brazed at joints to elimi- 
nate leakage possibilities arising from threaded 
connections. 

To meet the tight manufacturing schedule 
greater effort was made to improvise rather than 
develop conventional “production” methods. 

The direct costs for the project amounted 
to $116.1 million for the Air Force, and 5.4 mil- 
lion for the Navy. 


Building the Fuselage 


The fuselage is built in four major sec- 
tions; forward fuselage, forward tank (lox), aft 
tank (ammonia), and aft fuselage. 

Forward fuselage structure consists of the 
nose cone (less nose-boom assembly) pilot’s com- 


Ammonia tank is being positioned in Pratt 
& Whitney Keller end mill, to machine wing 
“A” frame attach fittings (shown encircled). 
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Inner cylinder (top) of ammonia tank is of 6061-T6 
aluminum alloy, chem-milled after longitudinal machine 
fusion-welding. Details are spot and seam-welded to 
cylinder. Inner cylinder (below) of lox tank, with tori, is of 
Inconel X. Assembly is heat treated after completion. 


Ammonia tank shell has internal details 
spot-welded. Spider mandrel keeps cylindrical 
shape during spot and seam welding. Four 
quarter-skin panels are of 0.065 Inconel X; 
two side panels are Hydroformed and 
chem-milled. 


the airframe . . . continues 


partment, and electronics bay. The forward fuse- 
lage is made up from three major skin sections: 
a first ogive section, a second ogive section, and a 
cylindrical section, all with Inconel X skins. 

The first ogive section is made of five 
chem-milled skins power-hammered into an ogive 
form, spot and seam weleded into a cone-shaped 
assembly. The second section, designed to con- 
tain the pilot’s compartment, is made from four 
0.052-in. flat sheets trimmed to a predetermined 
cone shape, then machine fusion-welded together. 
This cone section is then placed in a bulge form 
die and pressure formed under 350-400 psig air 


Inconel X wing skin panel is sculptured on a Keller machine. 
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pressure, to produce the ogive shape. The aft 
section of the forward skins is rolled to form a 
cylinder corresponding in cross section to the ad- 
joining lox tank in an assembly weld jig. A series 
of short longerons are then welded into place in 
the cylindrical section. 

These fuselage sections are welded to- 
gether to make one continuous shell-like skin sur- 
face unbroken by cutouts from the attach point 
of the forward nose cone to the forward lox tank. 


Heat Treating the Forward Fuselage 


After welding the cone and cylinder as- 
semblies, retained in fixtures, these are stress- 
relieved and heat treated. Stress relieving and 
heat treating for all X-15 structures are carried 
out, wherever possible, in vacuum or controlled- 
atmosphere furnaces. Pretreat coating, to pre- 
vent oxidation of surfaces, is required if normal- 
atmosphere furnace is used. Treatment consists 
of heating assembly to 1625°F, dropping the 
temperature to 1325°F within a 15-min period, 
and soaking at 1325°F for ten hr. Welds are 
X-rayed before and after this process. 

After heat treating, the nose ogive and 
ogive cylinder, which together make up the for- 
ward fuselage section, are located in the forward 
fuselage jig. The pilot’s compartment, electronics 
bay, and access doors are then cut out. Cutouts 
are made with spiral reamers, special nibblers, 
and small high-speed grinding wheels. Titanium 
frames, longerons, and stiffeners can then be 
located and riveted to the shells. 

The structure of the forward fuselage is 
completed by fastening the two forward assem- 
blies together with monel rivets and Inconel X 
screws. 


Wing ‘‘A” frame tunnel reveals insulation blanketing used 
to protect lines between front and rear fuselage. Extensive 
instrumentation wiring, from wing, is gathered into harnesses. 


Insulation against heat generated on the 
outside skin is provided by laminations of alumi- 
num foil and glass wool, placed behind an alumi- 
num inner-skin or liner running the complete 
length of the forward fuselage to the nose cone. 

The fabrication sequence for the forward 
fuselage is reversed from the accepted way of 
manufacturing fuselage structure, in that skin- 
ning is first, inner structure second. 


Fuselage Tanks 


The section of the fuselage behind the 
electronics bay to the horizontal stabilizers is 
made of two separate tanks. The forward tank, 
approximately 10 ft long, for lox, and the aft 
tank, approximately 12 ft long, for liquid am- 
monia. A 1414-in. diam tunnel runs end to end 
through the center of each tank. 

A high-pressure helium vessel, 14 in. in 
diam and 96 in. long, fits into the tunnel of the 
forward tank. The corresponding tunnel in the 
rear tank is not sealed off from the surrounding 
tank, and fills with fuel flowing through port- 
holes in the tunnel walls. As in several other 
stages of construction closeout sequences are im- 
portant as there is no access to the tunnel or 
baffled compartments after final assembly. Both 
tanks are built separately by the same method. 

Four Inconel X skins are butt fusion- 
welded together to form each tank shell. To these 
cylinders, details such as external and internal 
stiffeners, installation brackets and torus bulk- 
heads are spot and seam-welded into position. 

The tank torus bulkheads are made of In- 
conel X by spinning. Since no large blanks were 
available, these were made by welding segments 
together. However, initially the welds cracked 


Wing “A” frame attach structure is 
assembled with 17-7PH stainless 
steel, interference fit Hi-Shear 
rivets. The structure is made 

of A110-AT titanium. 
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the airframe » + « continued 


during spinning operation. This was overcome 
by precision milling and roll planishing the welds 
before spinning. Good results were obtained by 
spinning in stages, on brake-down blocks; an- 
nealing was used after each stage to overcome 
work-hardening. Wing fittings are fusion-welded 
to the aft tank, then longerons fusion-welded to 
both tanks while still in separate sections. 
Fuel-volume distribution in the tanks is con- 
trolled by dividing each tank into three compart- 
ments with two aluminum bulkhead separations 
mounted between the inner tunnel and the outer 
shell. Final assembly on the tanks consists of 
welding the tank torus end assemblies together, 
followed by installation of the internal-structural 
frames and compartment bulkheads. In the latter 
stage, the operator installing the bulkheads 
works out towards a single closeout hole, sealing 
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Right-wing instrumentation pickoffs are seen in place. 
Note blunt leading-edge heat-sink bar, extensive use 

of corrugated stiffeners on titanium structure. Upper 
skins, shown suspended above, closes out wing, and is 
riveted on by high-temperature, blind Cherry rivets. 


as he goes. Prior to closing out each tank, the 
inter-bay fuel-transfer lines are installed. Once 
the closeout hole is welded in, there is no further 
access to the interior. Each tank is tested by fill- 
ing with water (de-ionized to prevent corrosion) 
and pressurized to 95 psig. After pressure test 
the tanks are oven-dried at 210°F while dry 
nitrogen is circulated in the interior. 


Aft Fuselage 


The aft fuselage is of Inconel X and titan- 
ium construction; the only radical departure from 
conventional practice being in the manner of as- 
sembling structural frames. Aft fuselage frames 
are made from several titanium segments welded 
together. Gussets and angles are in turn welded 
to the frames. A large percentage of the aft- 
fuselage outer-skin consists of Inconel X sheets 
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stiffened with spot and seam-welded, inner-beaded 
panel assemblies fastened to the frames with 
high-temperature screws. Most fairings are of 
similar construction using 0.012 to 0.020 in. 
Inconel X skins. 

Beaded liners on the fairings and rear 
skins reinforce the panels sufficiently to resist 
buckling due to thermal expansion between the 
hot outside surface and cooler inside skin sur- 
faces. 


Horizontal stabilizer, seen in assembly jig, incorporates 
all-welded main-spar and control horn. 
Wing 

The five per cent thick symmetrical wing 
(max. chord thickness about 614 in.) sweeps 
back 25 deg from a root-chord of 179 in. to 36 
in. tip. The wing is of multispar structure with 
taper-milled Inconel X skins (each skin consist- 
ing of spanwise sections fusion-welded together) 
approx 0.100 in. thick at root tapering to 0.040 in. 
at tip. There are two span-length spars: the 
front supports the leading-edge assembly, and the 
rear a short trailing edge and flap attachment 

fittings—there are no ailerons on the X-15. 


Landing flap fitting and wing skin are attached to rear 
spar with Hi-Shear rivets. Lightening hole at left 
is in aft face of right-hand “A” frame assembly. 


The wing leading-edge is a rounded blunt, 
uniform-section, solid Inconel X bar (about 1 
in. wide and 34 in. thick) which acts as a heat 
sink. The upper and lower leading-edge-section 
skins rivet spanwise to this heat-sink bar. The 
leading-edge heat-sink bar is cut into five sections 
riveted to the leading-edge skins with 0.070-in. 
gaps between each section for thermal expansion. 
Wing-to-fuselage attachments are made at a 
series of five “A” frames riveted into the multi- 
spar structure. 


Fuselage rear, which will house rocket engine, has an 
internal structure of Inconel X and titanium; skin is of 
Inconel X. Titanium frame sections are welded 
together to save weight. 


The leg ends of these “A” frames form 10 
attach fittings through which the wings bolt to 
the fuselage. 

During assembly, a series of strain gages, 
thermocouples and pressure pickups are built 
into the right wing. Once the upper skin is riveted 
in place with blind, high-temperature Cherry 
rivets there is no further access to the instrumen- 
tation wiring or tubing. 


Horizontal Stabilizer 


The all-movable horizontal stabilizer is 
built around a heavy, welded box-beam assembly, 
part of which extends to form a center spar. This 


Aircraft and Missiles Manufacturing ¢ June 1959 


4 § 7 J 
“a ying. F s 4 re 
bE OE LS LENE EO <lpeetpsimerl ——/§ — 


eee 


ug is | m Se ot ee Y nthe e % i 
Sema alls pad a vi <a TRE ie >, 
i ‘ t “2 _ e he * £ | : : re 
o— -9n emitieaiianl Net, ae ” >.  : ~_ 8 if 
ae me age og a. aa 1 | eg — ~ ty be nad = : 3 
—t ee. We 4 Nh a me es waniees 1 , oF as i 
mo 0UlU aNx Ta 
i int oe A em LY? pd See | 
pe ie ON ee, er 
ee OLS 
| aw _ ea 3. | = Ne 
: OE oe a. hed agg } i 
lee lL. = 
4 wae £e & >) ). * ze = — 
oF “a es | a ae ae =a cee ey 7 Sor gale ptt, 
a ot ae SS ae ae a ee Bikitaes Se 7 Peel: 
i — 7 £ FE air awe ee aan 
o ised 5 | y es og te ee | ae ewe oa as 
an £ FF hee es eee eee Wao 
-_ . ey Oe © mos er | —_ 
ge 6S oe ss _-) SF - me 
ne a -_ | 
PD eg ae 
<> ) 3) ~<ee 
ve. jh \ ae : | 
ye 4. sop! ie : « cae 
0 OO ————— 
“Ss Yen AIO - es 
: — 
| a . a ss 
SS Pee An Rez | 
> ww [_ . a 
| = = 
5 : wy F my T @ a , 
Bee ee ; Fi i ge “i é if . ° 4 > ie a nye tae 
es 6 ele 
<a ae ; a - 2 "ihe i at . hy are re 
aeiae pt , q oe : 
" P iro af neg 
ref 9 os 0 9th 3 
& = ea) e «4: aa 4 me a ae ee... bh 
. Pe SOS 8 1k a ng ase 
a yon Sr a eg a a 
Co ee lll : e 
_| Sa x 
a BN VN SS 
* / ~~ —~ 
" ber e Ae. fit —~ ie > - 
as” lUC«~N 7 “=e 
aS Fh) vs t/a! vy. R € “= 
ae 1 Ae \ ~ 
eR ‘ q: ee ae es. ¥ — ¥ 3 
| i rs lc ( iti lk 
® pos _ 4 ‘ee > : “= ae : eke 
—. . Si ——- 8636mfflCl 
: $ es ne Seng j a_i a a 
” : i . as 8«f De: 1 El t 
— . . ; j . j gic d 
4 beg a —. . { 
ng | i sae ag ie 
Be | 
es ; SS oe. wae vs 
aa ~~ _ S vd SU Se 
= re tS 
= om #. > a * an. 
ee 11 . 
| 2 
1 


the airframe . . . continues 


spar has a corrugated Inconel X web to which a 
machined Inconel X cap is welded. 

Corrugated Inconel X rib-like stiffeners, 
0.008 to 0.063 in., are used extensively in both the 
horizontal stabilizer, speed brakes and vertical 
stabilizer. As on the wing, the horizontal stab- 
ilizer uses a blunt multi-section leading-edge 
heat-sink. 

The leading edge is a single, milled sheet, 
folded symmetrically with a tapered airfoil sec- 
tion. Rather than machine a solid Inconel X 
heat-sink bar to fit within the folded skin, an 
economical alternative was used by filling-in the 
leading edge with number 139 Inconel X elec- 
trode weld. A length was partially welded, then 
the process repeated until a heat-sink bar, taper- 
ing from \% to 14 in. was filled along the complete 
leading edge. The weld-filling technique was 
perfected to the point where on the last stabilizer 
made, the bow along the 11-ft leading edge did 
not exceed 4 in. Bow on the leading edge is 
straightened out before riveting to main spar cap. 

Four chordwise 0.070-in. thermal-expan- 
sion slots in the leading edge provide space for 
thermal expansion. 


Vertical Stabilizers 

The vertical stabilizers are of corrugated- 
web box-construction, with movable outer and 
fixed inner stub-sections. The under fuselage 
movable outer section is jettisoned before landing 
for ground clearance. Four speed-brake panels 
fit flush to the two fixed stabilizer stub sections, 
forming two “Vs” into the airstream when 
opened. 

The heat-sink leading-edge for the vertical 
stabilizer, being of constant radius, is made from 
a machined Inconel X bar. The machined skins 
form the leading-edge lap-weld directly onto this 
bar. The leading edge is cut into three sections 
on the upper stabilizer and two on lower. These 
sections are riveted to the forward beam with 
0.70-in. expansion space left between each sec- 
tion. 

The main spars for the movable sections 
project as torque boxes which insert into aft 
fuselage. On the lower stabilizer the torque box 
remains in the fuselage when the lower movable 
section is jettisoned using explosive bolts. 

In high-stress areas in both the horizontal 
and vertical stabilizers, hard A286 cres rivets 
are driven red hot. The rivets are induction 
heated to cherry red and driven by an automatic 
Zephr Tool sequencing machine. 
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Speed Brakes 


The four speed brakes are of welded con- 
struction with corrugated stiffeners. A beaded 
closure-skin rivets onto the basic weld assembly. 
Thermal expansion plus airloads in flight result 
in two inch deflection about the hinge point. 


Canopy 


The canopy is made from three power- 
formed fusion-welded Inconel X skins. The win- 
dows are of high-temperature plate-glass in two 
layers, 34% and 14-in. thick spaced 34 in. apart. 


Landing Gear 


X-15 uses a free-fall nose gear with ballis- 
tic booster. The two aft-fuselage Inconel X skids 
are also free fall. Skids and nose gear employ 
conventional shock struts. A special ground han- 
dling dolly clipped to the aft fuselage is used in 
conjunction with the swivelling nose-wheel to 
provide easy ground-handling. 


Welding 


Machine welding is used extensively 
throughout the X-15. Weld preparation in the 
following sequence was found to be very im- 
portant for good results: 

1. Butt joints were draw-filed and all file 
scratches removed by polishing with a 
flat emery board. 

. Fine emery was used to remove all sur- 
face oxide 14 in. back from weld line. 

3. Weld areas were washed with ethyl 
acetate then vacuumed to remove all 
traces of fuzz. 

4. Care was taken not to touch the weld 
areas after washing prior to welding, 
even to the point of not allowing the 
parts to touch the welding fixtures. 

Successful manual welds which passed 100 per 
cent X-ray inspection came from the following: 

1. Buffing weld area with stainless steel 
brush, cleaning with naphtha, and dry- 
ing with a good grade of tissue or high 
grade clean cloth. 

2. Anticipating high shrinkage on welds. 

3. Protecting from oxidation on both sides 
by heli-are welding with manual follow- 
up cap on other side. 

4. Anticipating warpage. 
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WING SPARS, FRONT AND 
REAR, HAVE SPAR CAPS AT- 
TACHED TO WEB SECTIONS 
WITH HS92 PINS, A286 
NOSE CONE SPLICE JOINTS ARE FASTENED WITH HS67 ALLOY, HEAT TREATED TO 
PINS, TYPE 431 STAINLESS STEEL, HEAT TREATED TO 125,000 95,000 PS| MINIMUM SHEAR 
PS| MINIMUM SHEAR. THE HS60M COLLARS ARE R MONEL. HS60M COLLARS ARE USED. 


OTHER FASTENERS 
MANUPACTURED AT 
HI-SHEAR INCLUDE 
H!-TORQUE BOLTS 
BLIND BOLTS 
BLIND NUTS AND 
HI-LOK FASTENERS 


© 
designed and manufactured by North American Aviation, Inc. 


E55 - A CHALLENGE 
FOR FASTENERS 


The X-15 research vehicle... ready for the first manned 
probe into space... with speeds exceeding 3600 mph... 
for altitudes above 100 miles...to withstand 1200°F... 
a challenge for fastening techniques. 


The selection of the Hi-Shear rivet for use in the X-15 is 
an outstanding example of how this and other high 
strength fasteners are being developed at Hi-Shear 
research facilities to keep pace with the ever changing 
requirements of the aircraft and missile industries. 


The Hi-Shear rivet still offers the lightest strength-weight 
ratio of any swaged type fastener, simplicity of installa- 
tion and service reliability established by sixteen years 
acceptance by industry. 


Contact your Engineering Standards Group or write to us for 
specific fastener data. 


WING ATTACH STRUCTURE IS ASSEMBLED WITH INTERFERENCE FIT 

HI-SHEAR RIVETS. THE HS128 PINS ARE 17-4PH STAINLESS STEEL, ' *4 
HEAT TREATED TO 120,000 PS! MINIMUM SHEAR. THE HS91 AND nw ttn i J 
HS92 PINS ARE A-286 ALLOY, HEAT TREATED TO 95,000 PSI MIN- HN ( ye od 
IMUM SHEAR. BOTH PINS USE HS60M R MONEL COLLARS. ag 


tiiha -» RIVET TOOL COMPANY 


**HI-SHEAR’’ TRADEMARK REGISTERED U.S. PAT. OFFICE. U.S. PATENTS 2,355,579; - 2600 WEST 247TH STREET © TORRANCE @ CALIFORNIA 


2,355,580; 0-138-579; OTHER U.S. AND FOREIGN PATENTS PENDING 
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Fig. 1. Room- 
temperature properties 
of stress-equalized 
and aged Inconel X 
are given. 


Fig. 2. The effects of 
time and temperature 
are shown on the 
tensile and yield 
strengths of annealed 
Inconel X sheet. 


by George C. Satris 


Although Inconel X gained its public fame 
recently as the space-age superalloy used in the 
X-15, it was actually developed by the Interna- 
tional Nickel Co. during World War II for use 
in jet engines. Since that time Inconel X has been 
a standard material for gas turbine rotating and 
structural components. Having been produced in 
most forms commercially for a number of years, 
considerable information already existed on its 
performance under various conditions, and the 
methods for fabricating it. This background had 
considerable influence on its selection for use in 
the first, manned space-research aircraft. 

North American developed additional tech- 
nology on the working, forming, and heat treat- 
ing. 


Precipitation Hardening 

Inconel X_ (nickel-chromium-iron-alumi- 
num-titanium-columbium alloy) was developed to 
have high stress-rupture strength, and low creep 
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proven high-temperature qualities 
and fabrication techniques 
influential in selection of Inconel X 


The International Nickel Co., Inc. 
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rates under high stresses up to 1500°F; resis- 
tance to chemical corrosion and oxidation are 
other attributes. 

The high strength is the result of precipi- 
tation hardening. This gives one great advantage 
over the common method of hardening austenitic 
alloys, i.e., by cold work or so-called “hot-cold 2 
work.” This advantage lies in the greater uni- 
formity of properties from surface to center. Cold 
work tends to be more effective at the surface. 

However, for service below 1100°F higher 
strength can be obtained in Inconel X by combin- 
ing some cold work with heat treatment, since 
the effects are additive. Provided the end-use 
will be in this lower temperature range, material 
may be hardened by aging directly after hot or 
cold work or with an intermediate stress-equaliz- 
ing treatment. 


Heat Treatment 
For service below 1100°F, the following 
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two-step heat treatment is frequently used: 
1625°F for 24 hr, air cool (stress equaliz- 
ing) 

1300°F for 20 hr, air cool (aging) 

This is specified in AMS 5667, which 
covers bars, forgings, and forging stock for ap- 
plications such as bolts and turbine rotors, requir- 
ing high strength at temperatures up to 1100°F. 

Equalized and Aged—1625°F/24 hr, air 
cooled; 1300°F/20 hr and air cooled. 

Room-temperature Tensile Properties 


Nominal Tensile 0.2% Elong. Reduction 
Diamor Strength Yield (%in4D_ of Area 
Section (min, Strength min,) (min, % 
Thick- psi, ) (min, 
ness, psi) 
(in.) 
Under 4.0 165,000 105,000 20 25 
4.0 and 
over 165,000 100,000 15 17 


Fig. 1, gives high-temperature tensile- 
properties, stress-rupture, and creep-strength 
data on Inconel X in this condition of heat treat- 
ment. 

Inconel X has greater machinability in the 
as-equalized condition than in either the as-forged 
or the equalized-and-aged condition. It contracts 
slightly during age hardening (about 0.03 per 
cent linearly) hence enough stock should be left 
on the piece to permit a final clean up after age 
hardening. 

For maximum creep, relaxation and rup- 
ture strength at temperatures above about 
1100°F, Inconel X is given the following three- 
step heat-treatment. 

2100°F for 2 to 4 hr, air cool (solution 

treatment) 

1550°F for 24 hr, air cool (high-tempera- 

ture aging). 

1330°F for 20 hr, air cool (low-tempera- 

ture aging). 

Again this heat-treatment is, in the case 
of forging, applied after the last operation. 

AMS specification 5668 calls for this heat- 
treatment and also includes the following rup- 
ture-strength requirements: 1350°F and 45,000 
psi—100-hr life, min. At 100 hr the load is in- 
creased to 70,000 psi and the test continued until 
the specimen fractures. The elongation after frac- 
ture, measured at room temperature, is required 
to be 5 per cent, min, in 4D. 

The ability of Inconel X to retain its 
strength and ductility at extremes of sub-zero 
and high temperatures is illustrated by results 
of tests on cold-rolled, annealed sheet, aged 16 
hr at 1300°F. 

The tensile and yield strengths of the al- 
loys are higher at sub-zero temperatures than at 
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room temperatures, yet, there is no significant 
loss of ductility. 


Test % El. 
Temp. F 0.2% Y.S. psi T.S. psi in 2-in. 
—320 139,700 213,000 18.5 
R.T. 125,700 181,300 22.5 
1000° 100,500 144,800 22.0 


Measurements of resistance to impact have 
been made on Inconel X over the temperature 
range —320°F to 1600°F in both the fully-heat- 
treated and the hot-rolled-and-aged conditions. 

In the following table, the individual 
Standard Charpy V-notch test results have been 
averaged to give impact-strength values. 


2100°F /2 hr Hot Rolled 
1550°F /24 hr plus 
1300°F /20 hr 1300°F/20 hr 
Temp °F ft lb ft lb 
—320 33 34 
—109 36 37 
75 37 38 
400 42 44 
800 50 46 
1000 49 49 
1200 45 43 
1350 49 49 
1500 67 53 
1600 113 82 


Sheet and Strip 
Inconel X sheet and strip used by North 
American were supplied in the cold-rolled, mill- 
annealed temper. Parts requiring high strength 
up to 1500°F, and oxidation resistance up to 
1800°F may be formed and then heat-treated to 
improve strength at elevated temperatures. 
AMS specification 5542 for Inconel X sheet 
and strip includes the following requirements. 
Mill-annealed and aged 1300° F/20 hr, air 
cooled 
0.2% Elon- 
Yield Tensile gation 
Strength Strength % in 


Thickness (psi (psi 2in. 
Form (in.) max) min) min 
Sheet 0.025 andover 100,000 155,000 20 
Strip Under 0.010 150,000 


Strip 0.010 to 0.025 155,000 15 
Although an aging treatment of 1300°F 
for 20 hr is required by specification, there may 
be occasions when a shorter aging-time will be 
useful, since most of the hardening occurs within 
the first few hours. For instance, North Ameri- 
can applied an aging treatment of 10 hr at 
1300°F. Fig. 2 shows the effects of time and tem- 
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the material « « « continued 


perature on the tensile and yield strengths of 
annealed Inconel X sheet. 

When fabricating parts from thin sheet or 
strip Inconel X at NAA the alloy required some 
annealing or stress relieving during and after 
working. Because of the soft condition of the 
material after annealing, warpage was easily 
removed. 

During stress relieving warpage of some 
fabricated or welded components for the X-15 
was minimized by the use of fixtures and con- 
trolled cooling. Most pieces, even the large weld- 
ments, did not require subsequent straightening, 
despite rapid heating during stress relieving 
of fabricated parts. Little warpage was expected 
or took place during the 1300°F aging treatment. 


Inconel X side panel for lox tank is chem-milled 
extensively and beaded. 


16 


Welding 


Inconel X sheet can be easily joined by 
metal arc, tungsten inert-gas arc, and inert-gas 
consumable-electrode methods, as well as by re- 
sistance welding. Welding is normally done with 
the material in the annealed condition. If the 
parts are formed by cold working they should 
be annealed prior to welding, by charging directly 
into a furnace at 1800°F holding for 10 to 15 
min, followed by air-cooling. 

Resistance and fusion welding were per- 
formed on X-15 parts using standard equipment 
and processes. Spot and seam resistance-welding 
and MIG and TIG fusion welding were used for 
various parts. On the basis of tests, North Amer- 
ican decided that it was undesirable to weld 
Inconel X when it was harder than 25 Rockwell 
“C.” If the material to be welded tested higher 
than 25 Rockwell “C” it was annealed before 
welding. This was to insure sufficient ductility 
during welding, to relieve occurring stresses. 

A standard practice when welding Inconel 
X parts, some portions of which can only be 
joined after age hardening, is to “safe end” the 
parts with Inconel. 

Inconel (different from Inconel X, in that 
it does not respond to age hardening) made it 
possible for North American to use the “safe 
end” technique in several situations, especially in 
close-out welding of tanks. The Inconel X com- 
ponents could then be given the full age-harden- 
ing treatment, since the only welding done was 
performed on the safe ends. 


Chem-Milling 

Chem-milling, developed by North Amer- 
ican, was used for the forming of pockets on con- 
toured and shaped sheet-metal parts. Reports 
from NAA on tensile tests, 1000°F stress-rupture 
tests, and 1000°F fatigue tests showed that chem- 
milling does not affect properties of the alloy. 
Metal removal was about 0.001 in./min, thick- 
ness tolerance +0.002 in. over original thickness 
tolerance, and the surface roughness was about 
100 rms. 

North American reported that standard 
forming procedures and methods were used to 
form Inconel X; its formability was found excel- 
lent and compared closely to that of annealed 301 
stainless steel. No difference in formability be- 
tween the longitudinal and transverse direction 
was noted. 
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A REPRINT 


of this article can be obtained by writing on company 
letterhead to 
The Editor 


AIRCRAFT and MISSILES MANUFACTURING 
Chestnut & 56th Sts., Philadelphia 39, Pa. 
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SILICONE RUBBER 


NOW tougher THAN EVER... “SILICOL” 
has long been the engineers’ choice for rubber 
parts to resist many difficult conditions of 
which temperature extremes, chemical attack 
and aging from weather and light are only 
typical. Because of its versatility, it is speci- 
fied for all manner of applications from simple 
appliances to jet planes and guided missiles. 


A new formulation of “SILICOL” now offers 
product designers greater versatility than 
ever. A few of its characteristics which can 
help you meet tough design requirements 
easier are: TENSILE STRENGTH — 1600. 
ELONGATION—850%. 


*Trade name of Colonial Rubber Co. 


June 1959 


The new “SILICOL” formulation is also even 
more important than ever to aircraft design- 
ers and manufacturers .. . In addition to the 
properties above, it meets AMS 3345 require- 
ments for dry heat resistance, low temper- 
ature flexibility and oil resistance. 


Whether you are designing new products, or 
improving existing ones, contact us for full 
details on “SILICOL” silicone rubber, and 
information on Colonial’s custom rubber 
compounding and molding service. We can 
help you meet your “toughest” rubber parts 
requirements quickly, dependably and 
economically. 


WRITE FOR OUR BROCHURE 


_,OLONIAL RUBBE 


706 Oakwood Street 


SER CO. 


AXminster 6-9611 
RAVENNA, OHIO 


1601-A 
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NEW 


You take the tool to the work with the CP Port- 
able Broach Gun. ..a completely new technique 
in broaching. Operation is fast and simple. 
Broach is inserted in pilot hole and with a 
squeeze of the trigger the hole is formed or fin- 
ished in a single, swift operation. Set-up time 
is eliminated since no jigs, fixtures or templates 
are required in most applications. Drilled, 
punched or cast holes can be finished to round, 
square, hexagon, oval, or irregular shapes in 
any work area. Angle Broach Puller, for close 
quarters, is also available. 


Hee tt, 
Baeese it = 
SPST Pe Pe rere rerer = 


The broach pulls a clean hole every time, and 
leaves it “mirror” finished. Hole sizing accuracy 
can be +.0002. Unskilled operators can consist- 
ently produce accurate holes with minimum 
training time. 

CP Power Cell weighs only 58 pounds, oper- 
ates on shop air lines, furnishes oil pressure up 
to 7,000 psi. Easily moved from job to job any- 


where in the plant. Also powers hydraulic riv- 
eters, squeezers, punches. 


Chicago Pneumatic 


8 East 44th Street, New York 17, N. Y. 


Pneumatic Tools « Air Compressors ¢ Electric Tools © Diesel Engines 
Rock Drills ¢ Hydraulic Tools « Vacuum Pumps e Aviation Accessories 
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weighs only 58 pounds 
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red, hydraulic power cell 


— . 
sen a Chicago Pneumatic Tool Co., 8 East 44th St., New York 17, N.Y. | : 
(Py Rep cree ] 
I'm interested in broaching holes. Please send me a copy of | 
Bulletin 581-2. Address Dept. B-!. j : 
ce Name Title | r 
Company | 
Adddress 
City. | Ee | 
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single- malftvetion: safety. donne @foaghout design; 
self monitoring feature relieves pilot of burdens; 
start-stop-restart capability a first 


by John P. Kushnerick 


With the design and testing of X-15’s 
powerplant, Reaction Motors has tamed a mighty 
giant—tthe large liquid rocket engine. No longer 
is this potent power source an uncontrolled brute 
once it is unleashed. For, in making a 50,000 
lb thrust engine safe to carry man out of the 
atmosphere, and in giving man direct throttling 
and start-stop-restart capabilities over the en- 
gine. Reaction has created ‘“‘the first gentleman of 
the rockets.” The XLR-99. 

Starting with engineering work done on 
the rocket engine for Super Viking, a missile 


which never materialized, RM set out on the X-15 
project. The object was to produce a powerplant 
capable of powering the 31,500-lb X-15 research 
vehicle 100 mi beyond earth, survive reentry, and 
be reusable. All this while keeping pilot safety 
paramount. Start-stop-restart capabilities in the 
air, as well as wide-range throttlability were 
added, to put engineering problems way out of 
any existing “ballpark.” 


Design Goal—Single Malfunction Safety 


The visible, working result of RM’s effort 


X-15’s powerplant delivers over 50,000 Ib thrust at sea level. 
Materials of construction are essentially steels. Thrust 


chamber is wire wrapped with 17-7 PH 


17-7 PH (CH) WIRE WRA & 


LINKAGE AND TUBING 
MOSTLY 20 24 ST & 


ci a 


STHRUST MOL 


TURBINE CASING 300 | 


3 
SERIES STAINLESS 
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4 Te eee WELDED 300 SHEET} 
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POWERPLANT SPECIFICATIONS 


Designator: XLR-99-RM-1 

Manufacturer: Reaction Motors Div. Thiokol Chem. 
Corp. 

Type: Regeneratively cooled, liquid 


Designed Use: 
Dimensions: 


X-15 research vehicle 
6 ft long, 3 ft wide 


Thrust: 50,000 Ib (olus) 
Thrust/ Weight: 60-70 to 1 

Fuel: liquid ammonia 
Oxidizer: liquid oxygen 


is a LOX-NHg consuming, single-chamber engine, 
designed completely around “single malfunction 
safety.” This means that the requirements of 
MIL-E-5149 and ANA Bulletin 428 have been, 
or will be, met. The engine is self monitoring to 
the extent that it safeties itself on the malfunc- 
tion of any single component which could con- 
ceivably damage the aircraft. One component 
cannot cause another to fail, hence, chain reaction 
failures are prevented. 

Achieving piloted safety is not to be con- 
fused with achieving reliability. An engine with 
high reliability could fail catastrophically if it 
did not have single-malfunction, piloted-safety 
provisions. 


One Pint Critical 


The biggest problem in designing to 
piloted safety, was to prevent the accumulation 
of more than 1 pint of propellant in the combus- 
tion chamber. Sudden deflagration of this amount 
of fuel and oxidizer could cause destruction of 
powerplant and aircraft. Considering that pro- 


Partially assembled engines are shown in 
special 360 deg rotatable fixtures at 
Reaction Motors. First XLR-99 should be 
delivered in late summer or early fall. 
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Mixing Ratio: 1.25 oxidizer to 1 fuel 
Specific Impulse: 250 to 260 sec (est) 
Combustion Temp: 4950° F (theoretical) 
Chamber Pressure: 600 psi 


Fuel Flow: 10,000 !b/min (olus) 

Burning Time: limited by X-15 fuel, 19,000 Ib max 
ignition: electrical 

Throttlability: complete, in throttle range 

Restart: air restart possible 


Overhaul Life: “quite a few minutes’’ (Reaction) 


pellant flow is in excess of 10,000 lb min, this 
minute quantity of 0.4 lb of NH; and 0.5 lb of 
LOX could be accumulated in approximately 5 
milliseconds. 

With such a critical time factor, sensing 
mechanisms could not be relied upon to detect 
this propellant accumulation in the thrust cham- 
ber. The approach had to be by way of preventing 
the accumulation. This has been achieved by 
checking flow and pressure rates at virtually every 
juncture in the propellant system. No large com- 
puters are used; rather, intelligent use of valve 
redundancy and series-parallel circuiting achieve 
the result. A thrust chamber geometry which 
does not exist in any missile engine in this coun- 
try also plays a major part in safety. RM does 
not discuss details, except to say that the engine 
remains “cool” at low power outputs where 
there is a limited amount of fuel being pumped 
for regenerative cooling. 


Design Briefs 


There are several design features about 
this powerplant that are peculiar to it among 
single-chamber, liquid-propelled engines. 

IDLE CAPABILITY allows the pilot to com- 
plete about 85 per cent of the starting sequence 
while the plane is still attached to B-52 mother 
ship. This includes running of the turbopumps 
and initiating part of the ignition cycle. 

THROTTLE CAPABILITY gives pilot the option 
of continuously selecting full or partial power. 
XLR-99 is said to be “completely throttlable”’ 
within a certain range. The extent of this “range” 
is not divulged, but is said to be considerable. 

DUMP SYSTEM allows pilot to use the pres- 
surizing helium in the propellant tanks to jetti- 
son the complete fuel load in a matter of 
seconds. Tanks will also be purged before all 
landings. 

STOP-RESTART can be achieved in flight. 
Engines like XLR-11 which powered the X-1 
vehicle contained several thrust chambers. Indi- 
vidual chambers could be shut down and restarted 
as long as at least one chamber remained in op- 
eration. Restart, coupled with throttling will take 
some demands off guidance systems in future 


vehicles. continued on next page 
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the engine ; . . continues 


ROKIDE “2” 
Zirconia Coating for X-15 Thrust Chamber 
Thickness: recommended range.... 0.005 to 0.050 in. 


Composition. . 98% lime stabilized ZrO, 
Crystal form cubic ZrO, 

Bulk density... 5.2 gms per cc. 

Total porosity 8 to 12% (7% open) 
Permeability slight 


Abrasion resistance 
Adherence to base materials 
Surface finish. 

Strength . 


high, Knoop hardness 1000 
d 


goo 
a few hundred microinches. 
good 


Chemical resistance good 

Thermal conductivity 8 BTU /hr/ sq ft.in./ °F at 
1000° to 2000° F. 

Totai emissivity coefficient 0.3 to 0.4 

Thermal expansivity . 5.4 x 10-°/°F from 70° to 
2250° F. 

Thermal shock resistance very good 


Electrical conductivity nonconductor at RT; con- 


ductivity increases rapidly 
above 1200° C. 
very high; 4500° F required 


Heat resistance. . 
to melt. 


SELF-MONITORING feature allows engine to 
safety itself in event of a single malfunction. 
This provides unmatched piloted-safety, air- 
restarts. 

CONVERTABILITY to other fuels and other 
vehicles is seen possible without extensive re- 
work. Use of hypergolics would eliminate or sim- 
plify the ignition system. Storable propellants ‘ 
will be used, as will any number of cryogenic 
combinations. 

REUSEABLE feature means that most com- 
ponents will withstand reentry and max-speed 
flights. Overhaul life of the engine is “quite a 
few minutes.” 

COMBUSTION CHAMBER is of unique geom- 
etry. It is conventional only in that it is regene- 
ratively cooled by passing liquid ammonia 
through “stainless spaghetti” walls. 


Testing 
RM testing on this engine is more ex- 


Color. . light tan tensive than on any other engine of its type. 
Proving out the self monitoring features over a 
wide environmental range has brought this on. 

Photomicrograph of Rokide Z on 
stainless steel at 100 magnifications. 
Thin layer of nickel is used in sample 
for better adherence. Norton 
recommends this, RM developed 
own surface preparation technique. 
Interior of thrust chamber is coated with 
Rokide Z, a zirconium oxide ceramic. The 
flame Spraying process is used. Hot 
zirconia rod is fed into hot (2000-5000° F) 
oxyacetylene flame, and compressed air 
is used to atomize melted rod. Typical 
rig is shown. 
s Deflection Cap 
inate Device Gas Nozzle 
eee SEA — Burning Gas-Luminous White Cone 
— hom = | : za Melting Oxide Rod a 
i SS SSS 
9 A TR 
ae J 
ZZ La a Atomized Spray , 
— — . : 
. 8 Max um 
\ \ . ‘ 
, \ , LA \ .* 
Oxide Coating \\ \ \ XY ales 
Bate ' ‘ +. ae os 005-100" 
Prepared Base Material PVN: SA 
a % - . 
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Reentry tests are considered the most 
severe. It was felt that if these could be satisfied, 
other requirements would take care of themselves, 
for the most part. Engine compartment tem- 
peratures vary with mission. The reentry mis- 
sion will induce highest engine compartment 
temperatures. In simulating reentry, the engine 
is put in a hot box, soaked, and then fired up. 

Engine has also been subjected to sus- 
tained low temperature environments before 
firing. : 

Firing stands allow simulation of fixed 
pitch and roll attitudes while the engine is run- 
ning. The effects of fuel sloshing, however, can- 
not be simulated. 

The advantages of sled tests to simulate 
G forces have long been under discussion. None 
are planned at present. 


Design Particulars—Materials 


From a materials standpoint four major 
accomplishments brought XLR-99 to reality: 


@ Finding the material and developing a 


Aircraft and Missiles Manufacturing ¢ June 1959 


producible design for the main turbine. 
Utica Drop Forge & Tool, Ladish Co., and 
RM share credit here. 


@ Developing welding techniques compati- 
ble with combustion chamber design. This 
includes producing brazements that could 
have components welded to them. RM 
worked with many people in this area, 
but feels the techniques which evolved 
are basically extensions of their own 
thinking. 


@ Providing ceramic protection on the in- 
ternal surface of the combustion chamber. 
Norton Co.’s Rokide Z is used, but RM 
developed surface preparation techniques. 


Thrust Chamber 


The thrust chamber is_ regeneratively 
cooled by liquid ammonia. Hundreds of stain- 
less steel tubes are formed to the chamber geom- 
etry, and brazed together. A complicated scallop- 
ing allows the liquid ammonia to go aft in one 


x 
i. 


Engine without plumbing 
installed gives some indi- 
cation of injector - head 
configuration. Inconel X 
plays big part in engine 
as well as airframe. 


XLR-99 is probably most 

tested engine of its type. 
. Engine is shown here on 
firing stand. Pitch and roll 
can be simulated on stand. 
Engine has been fired after 
simulated reentry test 
(hot box soak). 
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the engine . . . continues 


tube and then forward through a pre-selected 
tube in the completed chamber. Fabricating the 
chamber involves: 


@ SHAPING THE TUBES. Tubes are pur- 
chased round in 347 stainless stock. O. D. 
is 54g in. and wall thickness is 0.035 in. 
Before brazing, the tubes are slightly flat- 
ened. RM feels swaged tubing, or the 
“channel type” thrust chamber offers 
greater potential than the round tube, but 
cost and state of the art has made them 
settle on present methods. 


@ FORMING THE TUBE BUNDLES to chamber 
geometry. A mandrel used. 


@ BRAZING THE BUNDLE. Coast Metal 62 
or 63 brazing alloy is used. This is a mag- 
nesium alloy containing 14 Ni, 14 Cr, 
and less than 1 per cent Bo. Grain pene- 
tration is slight. Wetting and ductility 
in the final braze are good. Bulk of braz- 
ing is done in a high temperature hydro- 
gen brazing furnace. 


@® WELDING OF MANIFOLD AND ACCESSORIES. 
Heliare welding techniques have been de- 
veloped for welding of Inconel X directly 
onto the brazed areas. 


® HEAT TREATING is performed to induce 
maximum strength in Inconel X. 


@ FLAME SPRAY of chamber interior with 
ceramic. Norton’s Rokide Z is used to a 
thickness of 0.020 to 0.040 in. to protect 
the 347 stainless from 5000°F chamber 
temperatures. The flame spraying prin- 
ciple is a great deal like that of the house- 
hold atomizer. The process however is car- 
ried out at 2000° to 5000°F. 


@ WIRE WRAPPING of the chamber with 
17-PH(CH) and coating the wire with an 
epoxy binder completes the processing of 
this component. 


Turbine And Pumps 


The turbine which drives the propellant 
pumps is powered by hydrogen peroxide. The 
turbine disc is forged from Udimet 500, and 
blades are investment cast of Udimet 500 by 
Austenal Inc., and Misco Precision Casting Co. 
Shaft is 17-7PH stainless, and the casing is 300 
series stainless. Ducting which vents exhaust 
overboard is 320 and 325 welded stainless sheet. 
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The propellant pumps themselves are 
housed by a cast ZH65-T6 magnesium case. Shaft 
bearings are of 52100 steel, roller variety. Some 
Al.O, sliding bearings are used. 


Sealing Materials 
Most of the liquids handled in XLR-99 are 
highly reactive. Mixing oxidizer with fuel, or 
oxidizer with organic lubricants could be catas- 
trophic. Effective sealing has been achieved with 
the following materials: 
e H.O. system—Dow LS 53, Kel F 5500, 
Linear XWT22 and Teflon. The latter is 
used principally as squeeze gaskets. 


e LOX system—Buna and natural rubber 
7247, Flexitallic asbestos filled Inconel 
sheating, and Precision 711. 


e Hydraulic system—essentially conven- 
tional sealing materials. 


e Lubrication system—Fluorolube and 
‘Halocarbon fluids are used. Seals are 
therefore of the halocarbon class. 

Engine is attached to the X-15 airframe 
through a 4130 forging. North American Avia- 
tion shear washer arrangement is used in the 
three point attachment. 


Make or Buy 

About 55 to 60 per cent of the components 
in X-15’s engine are sub-contracted by RM. How- 
ever, practically all of these are engineered at 
RM. Off the shelf components have been reengi- 
neered in many cases to satisfy this powerplant’s 
special missions. 

At present, the program calls for outfit- 
ting three aircraft and producing sufficient spares 
to see X-15 through its complete flight test pro- 
gram. This should extend over several years. The 
first XLR-99 will be delivered in late summer or 
early fall. First powered flight with this engine 
should take place before the end of the year. 

In the interim, X-15 will be powered by 
two multi-chambered XLR-11’s. XLR-99 should 
give X-15 hypersonic speeds (greater than Mach 
5), and propel it over 100 mi, but less than 200 
mi, beyond Earth when launched from a B-52. 
These limits could easily be exceeded by B-70 or 
Navaho-booster launch. 
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Chestnut & 56th Sts., Philadelphia 39, Pa. 
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NEW LOX TANKING 
COMPUTER SYSTEM 


WITH 1/10% OVERALL ACCURACY 


UCTION, 


y 


OTHER RECENT CONTROL PROJECTS BY LEONARD INCLUDE: 


® PROPELLANT UTILIZATION COMPUTER 
® TANKING COMPUTER CALIBRATOR 

® LOX TANK LEVEL TRANSDUCER 

® MACH NUMBER DEVIATION COMPUTER 


© INDICATED AIR SPEED TRANSDUCER 
® DRAG-RISE DETERMINATION SYS/TEM 
® INDICATED ALTITUDE TRANSDUCER 
© PRESSURE RATIO COMPUTER 


Wallace O. Leonard, Inc. 


373 SOUTH FAIR OAKS AVENUE 
PASADENA, CALIFORNIA 
TELEPHONE SYCAMORE 2-7131 
TWX-PASA CAL 7321 


Please discuss your 
system requirements 
with our engineers. 
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X-15-flight instruments 


pure inertial system gives attitude, 


altitude, and velocity data; 


may pave way for space navigation 


A pure-inertial system is used to record, 
and display attitude, velocity, and altitude data 
in X-15. Four types of airborne instrumentation 
were considered:* pressure, radar or radio, sim- 
ple gyroscope, and inertial. Each had limitations. 
The only limiting factor in an inertial system was 
“flight duration.” Since inertial components equal 
to the task of X-15’s short flight duration were 
attainable, this system was selected. 


Functional Description 


The inertial flight-data system can be di- 
vided into two groups: 

The first group, carried in the B-52, mother 
ship, is used to supply the proper initial condi- 
tions to the computer, and thus align and stabil- 
ize the instrument platform prior to launch. 

The second group is carried in the X-15 
and consists basically of the stabilizer, computer 
and indicators. This equipment supplies all of 
the required data after the X-15 is launched. 

Fig. 1 contains a functional schematic of 
the X-15 system. The data insertion equipment 
was located in the B-52 carrier aircraft to save 
overall system weight and to relieve the X-15 
pilot of any duties required in the prelaunch 
phase of the mission. 

The inertial part consists of two funda- 
mental components: the stabilizer, which con- 
tains the sensory elements, and a computer. The 
computer processes data from the sensing ele- 
ments to get usable velocity, position and altitude 
data. Both components are mounted on a stabil- 
ized platform. 

A simplified diagram of the system after 
launch is shown in Fig. 2. 


* Airborne instrumentation is supplemented by telemetry and 
radar tracking. See “High Range” page 42. 
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Gimbal System 


Four distinct axes of rotation are present 
in the stabilizer. The sequence of rotational free- 
dom from the case inwards are roll, pitch, inner 
roll, and azimuth. The pitch, inner roll, and azi- 
muth axes are maintained mutually perpendicu- 
lar. The outer roll axis is gimballed with respect 
to the foreaft aircraft axis and operated in con- 
junction with the inner role axis to produce an 
angular displacement proportional to aircraft 
roll attitude. The redundant roll axis allows the 
aircraft unlimited maneuvering without the pos- 
sibility of gimbal lock or loss of verticality. 

Basically, the gimbal design consists of 
direct drive torques, and single speed readout 
synchros mounted at each end of slightly ellipti- 
cally shaped gimbals. The servo amplifiers for each 
axis are transistorized and mount directly on the 
gimbal being driven; the gimbal itself is used as 
a heat sink for the power transistors, thus greatly 
reducing the number of slip rings required. The 
design approach eliminates gearing on the gimbal 
axes. This minimizes disturbance forces acting 
on the platform and enhances its performance. 
The gimbal servo response is of the order of 
forty cps since design limitations usually caused 
by shaft flexure and gear backlash are essentially 
eliminated. 

Slip rings are provided on the outer roll 
and azimuth axes. 


Stable Platform Assembly 


The sensing elements mounted on the 
stable platform are: 
® Three linear accelerometers 
@ Three integrating gyros 
e@ Ten transistorized amplifiers required to 
operate the gyros, accelerometers and 
gimbal servos. continued on page 28 
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Fig. 1. Block schematic of flight data system shows 
what parts are retained in B-52 Mothership, and 
which stay with X-15. B-52 components orient 


complete system before drop. 


Characteristic Value 
Stabilizer Weight 55 Ib 
Amplifier Weight -- 

Heat Exchanger Weight — 

Shock Mount Weight From 0 to 
27 Ib. 

Stabilizer Volume 1.2 ft® 

Power Required 240 watts 

Internal Operating 95° F 

Temperature 

Coolant Required 3 Ib/min 
typical 

Operating Life 1000 hr 

Gimballing All Attitude 

Maximum A/C attitude 

Yaw Unlimited 

Pitch Unlimited 

Roll Unlimited 
Maximum A/C rate 

Yaw 4000 deg/sec 

Pitch 2500 deg/sec 

Roll 2500 deg/sec 


Maximum A/C 
acceleration 


Aircraft and Missiles Manufacturing 
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Fig. 2. After launch these components 
remain with X-15. Weight saving was 
achieved by having data insertion equipment 


CHARACTERISTICS OF X-15 INERTIAL SYSTEM 


Remarks 
Mg platform, 
and housing. 


gimbals 


Integral to Stabilizer — 
transistorized. 


Integral to Stabilizer. 


Dependent upon vibra- 
tion environment and 
desired accuracy of 
spatial attitude readout. 


Cylinder 18 in. long by 
12 in. diam. 


3¢@ 115 Delta or 208 wye 
400 cps. 


Thermostatically con- 
trolled by metering of 
cooling gas. Control 
integral to stabilizer. 


Air-gas_ (Nitrogen, or 
freon etc.) mixture at 
0° C and 9 in. H,O. 


Design requirement. 


Yaw, inner roll, pitch, 
outer roll, case from 
inside out. 


30 deg / sec in loop 
maneuver through ver- 
tical. 
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Characteristic 


Yaw 
Pitch 
Roll 


Warmup time 


Vertical Accuracy 


Gyro 
Random Drift 
Mass Unbalance 
Anisoelastic 
Reaction Torque 
Fixed Drift 
Angular Momentum 
Weight 
Size 


Torquers 
Temperature 


Accelerometers 


Linearity 


Resolutions 
Range 
Weight 
Size 


Gimbal Synchros 


Gimbal Drive 
Azimuth 
Inner Roil 
Pitch 
Outer Roil 


Value 


1800 deg/sec* 
1500 deg/sec? 
1500 deg/sec? 


15 min 


2 min of arc 
max. 


0.05 deg/hr. 
1 deg/hr./g 


0.02 deg/hr/g? 


1 deg/hr. 
0.1 deg/hr. 


stay with Mothership. 


Remarks 


From —65° F ambient. 
Under dynamic inputs. 


Floated rate integrating. 
max 
max 
max 
max 


1 x 10° gm cm?/sec. 


0.48 Ib. 
1.75” D 
2.75" L 


+ .25 per cent 


187° F 


+0.0003 g or 


.1 per cent of 


acceleration 
whichever is 
greater. 

5x10-°g 

+ 10g 

1.5 Ib. 


34 x 2% x 134 


2 min Io 


Servo Torque 
0.35 ft. Ib 
0.85 ft. Ib 
0.85 ft. Ib 
1.8 ft. Ib 


Controlled to + .5° F 
by proportional control 
amplifier. 


Test mass, d-c force coil 
restoration with servo 
damping. 


Accuracy includes null 
shifts, scale factor vari- 
ation and mounting pad 
misalignment, all over a 
six month period. 


Includes pre-amp. 
Direct drive synchro. 


(Direct Drive. 
D-C torquers 


{Powered by Transistor 


‘Gimbal servo band- s. 
| width 50 cps. 
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flight instruments . . . continued 


Doppler “Simple” 
Pressure or Radio Gyroscopic Inertial 
Measurements required: 
Velocities. ... x x x 
Altitude. . . x xX x 
Attitude Angles. ... x x 


Limiting Factors: 
Accelerations.. .. x 
Velocity Range... xX 
Altitude Range... x 
Attitude Range... . x 
Flight Range... 
Flight Duration... . 
Power Required x 
Cooling Required .. xX 


<>< 


x* 


Closeup shows stable 
platform mounted in 
inner roll gimbal. Ten 
subminiature amplifiers, 
3 integrating gyros, 
and 3 accelerometers 
are core of platform. Heart of X-15 inertial attitude and 
Complete platform navigational system is the stable 
weighs 55 Ib. platform shown being checked 
with oscillograph at Sperry 
Gyroscope Co. 
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* For extended duration. 
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Three 10*° gm-cm?/sec floated rate-inte- 
grating gyros are used with associated heater 
amplifiers to maintain the operating temperature 
of the gyro within narrow limits. Newly-devel- 
oped Sperry linear accelerometer consists of a 
test mass, a capacitive sensing element and a force 
balance servo amplifier. The output of the accel- 
erometer is a d-c current proportional to accel- 
eration. 


Housing and Cover Assembly 


The stabilizer housing contains all power 
supplies and accessory equipment necessary to 
operate the stabilizer. The case configuration 
serves as a heat exchanger between external cool- 
ing air and the internally circulated air. Design 
consists of two concentric shells with a corrugated 
surface sandwiched between. The external-air 
flows on one side of the corrugated surface and 
the outer shell, while the internal air is circulated 
through the other side of the corrugated surface 
and the stabilizer. The corrugations considerably 
increase the area of heat conduction from the 
platform air to the external cooling air. 


Computer 


The computer translates attitude, velocity, 
and position data to a usable form. The follow- 
ing functions are performed: 


@ Doppler Inertial Mixing 

® Gyro Drift Storage 

@ Acceleration to Velocity Integration 

@ Velocity to Position Integration 

e Earth Rate Computations 

@ Acceleration Corrections due to Kine- 

matic Velocities 

Unique features of the computer are its 
lightweight, high accuracy, and compatibility 
with the stabilizer sensing elements. These are 
achieved thru the use of d-c analog computing 
techniques which keep system noise and weight 
to a minimum. 

The computer consists of repeated use of 
two basic computing blocks. One is a precision 
integrator that uses a Sperry made d-c tacho- 
generator as the fundamental accuracy determin- 
ing element. These tachometers have been tested 
in quantity and all have accuracies better than 
0.01 per cent. Integrators are packaged in two 


groups of three (velocity integrator group and > 


position integrator group) with all electronic 
accessory equipment included in the subassembly 
group. This design approach simplifies mainten- 
ance and test of the system so that when the sys- 
tem is installed in the X-15, trouble shooting 
need only progress to the computer group level. 
The computer group can then be replaced and can 
be tested outside of the computer harness on the 
bench at a later time. 
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Similar packaging concepts are used with 
the second computing element, an integrator used 
to erect and align the platform. 

The acceleration corrections and Earth 
rate computations are accomplished passively 
with resistor networks and potentiometers. 

All supplies needed to power the computer 
are also packaged in this unit. 


Control Panel 


The computer is connected to the control 
panel in the B-52 through the umbilical connector 
(See Industry Notes). This panel provides con- 
trols and indications for: 


@ The system-mode selection 

@ Manual insertion of initial altitude and 
position data 

@ System performance monitoring prior 
to launch 


It also contains the converters and coup- 
lers necessary to introduce the initial velocities 
and heading angle into the system for alignment 
purposes. It should be noted that the control 
panel operator in the B-52 has the responsibility 
of making the initial settings and mode selections, 
as well as that of monitoring the alignment proc- 
ess to assure proper system operation. X-15 pilot 
is relieved of these responsibilities. Another 
feature is that critical test points in the X-15 
system are monitored enabling the operator to 
evaluate the performance and detect malfunctions 
of the X-15 inertial system while it is being 
carried by the B-52 aircraft. 


Indicators 


The X-15 Inertial System has four flight 
instruments which aid in the piloting of the 
aircraft. Three of these instruments have been 
specially designed for the X-15 aircraft while 
the fourth is a reengineered three-axis attitude 
indicator. 

New, are the self contained altitude indi- 
cator, which operates on synchro data from the 
computer, the vertical velocity indicator, and a 
total velocity indicator. The vertical velocity 
indicator which will be used during high speed 
level runs of the aircraft is a simple meter move- 
ment type instrument. The total velocity indica- 
tor is a computing mechanism which receives the 
three components of the velocity from X-15 in- 
ertial system and derives and displays total vector 
velocity of the aircraft. 

a 


A REPRINT 


of this article can be obtained by writing on company 
letterhead to 


The Editor 


AIRCRAFT and MISSILES MANUFACTURING 
Chestnut & 56th Sts., Philadelphia 39, Pa. 
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This Sidney Space-Master is contouring 
steel rolls up to 50” diameter to close 
tolerances. 
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~ yy) oo s Woeen a Fluid Tracer pte 
Yo 2 wh ch permit watchi 


A large missile component being tracer- 
machined at a major West Coast missile 
plant on a Space-Master with 60” swing 


and 21’ centers. 
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With swings up to 72 inches and center 
distances up to 51 feet, the Sidney 
SPACE-MASTER® is the answer for those 
manufacturers looking for precision on 
large MISSILE AND ROCKET PARTS. 


Available with or without the Sidney 
Fluid Tracer, the Space-Master is full 
of precision-insuring and time-saving 
features. Here are some of them: 


Lapped herringbone gear headstock 
60 thread and feed changes 
Powerful rapid traverse 
Double-walled apron 

Massively bridged bed 


Large support areas throughout for 
carriage, slide, tailstock, etc. 


Heat-treated lathe rack 


Graduated dial to measure tailstock 
spindle travel 


Honed tailstock bore 
Anti-friction bearings 


Periscope mirrors for Tracer when 
machining large parts 


lf you want to speed output, hold your 
tolerances down (to + .001) and cut 
your cost, it will pay you to look into the 
Sidney Space-Master. Ask for Bulletin 
#$-600. 


SIDNEY MACHINE TOOL CO. 
SIDNEY, OHIO 


Wholly owned subsidiary of Buhr Machine Tool Co. 


Circle 11 on Inquiry Card, page 89 
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X-15-hydraulic seals 


filled-Teflon used as extrusion barrier 
for rubber O-rings; 
Oronite fluid reaches 500°F at 3500 psi 


In flight, the hydraulic systems of the 
X-15 will be subjected to temperatures of 500 
deg F and pressures up to 3500 psi. Fluid for the 
systems is Oronite formula 8515. 

Rubber rings used as buffers between the 
moving parts of the hydraulic systems deformed 
under the heat and pressure of environmental 


Rod seal of an X-15 hydraulic control actuator is 
fitted at a buffer point with a Teflon anti-extrusion 
ring or control collar. Inset shows close-up of the 
joint area. 
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tests. In the deformed condition, the rings 
moved into the clearance space between the mov- 
ing parts and were damaged physically and 
chemically. 

A collar or ring was needed which would 
expand, filling the gap between the moving mem- 
bers and forcing the rubber ring to remain seated. 
Also, this anti-extrusion barrier had to resist 
heat and the corrosive effects of the hydraulic 
fluid. 

The problem—find a material to do the 
job. Environmental tests showed TFE (tetra- 
fluoroethylene resin) to be well suited for the 
control collar material. A filler in the Teflon im- 
proved its stability and made it more impervious. 

Next problem — machine to close toler- 
ances. Systems engineers specified that the OD, 
ID, and thickness had to be held to plus or minus 
0.001 in. 

This problem was turned over to Raybes- 
tos-Manhattan, Inc., Paramount, Calif. The firm 
developed special diamond-faced cutting tools to 
mill the filled TFE. Tube stock was used which 
had undergone extensive heat treatment for some 
weeks. The pre-stabilized stock was checked for 
required values of temperature resistance, dimen- 
sional stability, and chemical inertness. Cured 
stock was boiled in Oronite fluid for four hours 
at 650 deg F. Then the material was machined 
to sizes ranging from % in. diam to 8 in. diam. 

Raybestos-Manhattan has delivered 25,000 
of these rings for the X-15 program. Approxi- 
mately 6000 have been used for tests. The bal- 
ance provides 2500 in each of the three craft, 
7500 for spare parts, and the remainder is stock- 
piled. 
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yy 


loses none of its purity vail superior density is achieved. 
With the PLASMARC Torch, LINDE is equipped to suppl 
you with parts made of, or coated with, refractor metals; 
ariety of metals combined 


it des wi 


rials testing service basec fa is device. For 


formation on this extension of * LINDE’s 
emg —_— service, write Dept. Awd, | : 


‘made of 


eS 


of Unio siete 


a a: Ws ame ne cae Toe ES 
es ee Re OT epee! Shy, Bee ee be ta ae ee 
ae pe pamela NR eae GT Te 2 2. Va ae : 
ee StS ee he IS ee. 2 eee EE “Spey a Bereta ee Ss BE aa Oe ee eet ae i bans Rn Se he 
S AES, Bon yas ean ay SaaS ee eee ~ Hie Soe ‘ ae ad al / Siero ve: i 
“Rae rss 7” ee 7 See sick“) Seaman cole Bee" ts A. fae eee ZF: bs a at manatee DG 
van eee a oe ee 7 ey eee eee ae Say © Ber er BP Te 
wea) ; Be cece sae ae “Peale : - e 7 Se ee bs + NES aia 
: : ? ee ee es cso _ a 7 oe i heey. 4 cs ceed 3) a. at 
eo a eee ae es bane < ae fe ice tee i 5 3 
ares ee De aide “ees aa, 2 et ae PPh NS aie y tnccah aes Ris ue rien th i tre oe Meroe: . Saat 
% eek Pe.) ee ager Ry tae ae oul ee ee rai eS a o Bice eh ee Ree ho. 2 aa : 
. eee Shy _ ae SS ; aeeiee 3 i ae Ao sl a ee Sieh P 20 ret 3 
Nee Supe ea a * he | ere he ae tek mee BOS Ae es ee ETC 0 aR aes coo 
| Sees 1 a ee ee. att Bee = ie eared id Be “ee 
is Mi : ae ae a Pee! Eran Ce ae ee ; oe => Seep Sy Tres. fe Ree 
ih, ao Se eae aa Qo = ean Boo | lace ee ‘Re > a aemanaeat ts hs ott etyns Sie 
} PE Sate ae eg ana x ‘a eek, at oe " i Dawes (es Nwiied oo oe nae a Soars 
ae ), ae eo 2 Og ie ra SNe ~ eeemeg 2 ere ae 
- : eS 3 ‘eo. go 3 i 2, see em a = i aie aay, f- P igs ped el oe gael la 3 oF TS eae 
a ae A Se Raed ame 2 See we eee = Si as ca RPfFrLi | } 2 “SE oe ae y 
a ae a : Pee ee ee ‘ a a a ” . Y ol T Co R CH Mak : 5 a re 5. 
(| Si ieee mane, ‘ Y : F: ‘ he 7 - i OSE eae See ae a Nast eee 
d : Se z 2 iit a et nn oS 
| * é me, RT; fa : ~~ 4 % ss * Ee et a a Kaan tee aan ee 
ee : ie aa 5 cnc oe ee Sos (So a ny ee eS 
oP ip Pes ie ‘ 3 > Silas Rar ae ae ae te: eS F 9 Eee , Betas hh. ey 
el Mee Production Parts 7 eS See 
a aH! oe 4 < x * ies ‘4 a Be lek Fa ee . merrier Sh Agen cera, > 
bE Leet 1 aie aaa a: ro duc eal inna ed Cis es a Me: ON 7) A iamemileee open ae cago Pree) eyare 3 
, Co es ae ee eee Se? na + Ree, gare cea wie cal 
j MAL, Jere UNG Waa easter Le . er a. Neg ap egaen 7 Bee aris Se eRe SS Seed 
% Ba ions _ pee ‘ ci: ae ie Hows po «SOE a Nei Bhd weer QS as eI 
4: 9): Speer eR ee F .itaar on wre “g Ao SRC SEN Mien se et pe Ey eps 
‘Ss + Sie : 0 Sige) ae BS Bite apa. yee a rete ae Gay) oS) 5 coving sa eee 
; a ee Se Pee. Wisin © ee Ee . Fie ay x idles = Sclamto al Be EC. SE are a 
sine ed a . yr er eet > oot i 5 a. a ed Saree on rg RT iis, Wee: ve Aes 
z ies Pia ae ts Gel age | 0g a eA . - oe iS a Se ee y ee Se ere ee rey 
ee ee ee ieee heh ce Be ee oe es eT A ee 
: ee a es ee ae ie: ee ae panei ee 
Beare os ae i ie eo Bees as, eae Ro nee bot Som aioe Bee tea 
‘ Jit ape laitaes siamese A RSs SR ma RRR aN se ore ® 3 Beis = ee Be ‘ 
i: eater fe : ee ethod of fabricating refractory metals can oe ee 
F wir Mace C ' Pitas Oe EN Ce Ss ee é a ee. a 
iM Se Nar Res 2 J Se es oe ts of tungsten, ee ete ae A 
4 ke ae itr Cie ni 3 : oT ee lee pasate i 
. es: ae ie ‘match this... . e high | elting points ‘omit si ng ; 5 i - 
3 foie Ra an tye Came re or ee ace ee we 
stale ae a ‘eos ee” BeOS gee: : : b ws aa ee os 
. ae tantalum, ; and fe) ybdenum are no longer @ probiem. bel ok ae 
- @ 4 " ‘i ee Fae j a Pier. eee eee Sia 
it hae om - Sey ES Tao oe eo yo ig ss - a She pines 5 ah ies chem 
a hae thc. oe: ae oe ing in the tem- ~ ‘ovide a wi on rn | ae Ae 
ie a er PLasigptie torch, working in the tom- ~ UNDE wi ——i | 
* ar ature.range between 15,000 and 30,000 degrees K,, _ | ae 
nae | ae Spr Pp erature range t ee. ; ale sa ‘ Bt ‘inant mat ° ke ae . Ce: a 
2 as SRE pn. Gey Te 2s of virtually an Ce. eee am ike Ea Oe ee 
Bi cae : can coa parts ‘or form apes neaiticn pi ti 2% s eee FOIE MES 7 8 eee Pe: She a 
De See Re aay onl , 7 ucharticles ae Os. a a es 
TeX: nl ibr es Saeey 4 way to make such ar aes E eran pr 2 | 
ieee complexity. It’s an entirely new way i page pel, me 
; a : ugel on 30 lager ee ea eM 
; : 7 ‘ a ae eee 
$ ie mae ir ee ce iat “aa 
aR ae a oe ee r ‘ laletelers nde cies 5 eee wee ae 2 es 
‘ ' A and X g ee ig see 42nd Street, ew York 17, N.Y. In Ca ~ A et eS ae a Be ae - 
5 es, : lity ese p + 2 Be tees ; H da Limited| ‘oh elas 
ee “The quallifUh shed ee onada tigi 
ager . ee i sate i peers Bie! pany, Division of Union Carbide Cc Bice hi ee a ae 2 ee + aie 
Beg ae be i . ed ee. Pints Sy Spee ee aaa Ogee cate 
‘e~ i ag eae ances eee eS pe | “aan ae oe el eee Ee eee Ae OS ey 15 ee 
qc > iy “a ae —— ee =o at BP eos a3: Sy ig SED ee aes eae 
$ “! ; See ae aaee: =a . Rey i eS oe Me taeeg ivaney: 7 ES Nahe 
es ; pe amine ae che “NET Maye mE: reais eed = Martie: eee Se ee i og 
’ be f LISS ae poor eee fh, ee en a oe Mean lh Be ak ut Poy a ae } cy 
es. cay hike a ea ane : (Ses Ree, are Cee oat 
a ; Sie 5 akon gy Sa {a0 oe a) A re 3 a ‘ 7% a ee ae ia x oR OE re 7 oo ge ge ie epee Bea ot = as 
4 ter ee ee Ls Bem. A Ait, ee oe: See oe ee it i > ae a oe | apie RA olny. Re oe ar nee ee - 
Si aoe : Pears estat +> (he eeaaeeee yee <P Noes OS hes a acc ile ads on RR Pte 5 
Ps oe eee ee ee beer saa 5 i ae ef ee ae Red ee ee Eco Se "See 
: : ie FT” Oe a) ee ae } alge eer ae or a oS .. c — - es ine we: . rad 
a Sete ae a Behe a oh Te 3 ie Se 2 ‘ Mei eS Beers =e 
% + ge f ii cess ae a aor ey, Noe iS . + 7 ot ee we =e pas Zz s a q Bet tas Re Fi \ 
] Pen Fo Spina ; mF att Garypoes ea me <-e ie. et at Ye aS ~~ oe , a eee ot ee 
iacdiby i) We eae ee rere Peorit Bes ON eth es a ~~ Ry ae 
: F a la nt ee Mae! oe we an. See eee eee “4 ; > a ete i Aa 
Be ee ee Ne ed eo So alla ee a ee _ ao ae 
: So oo agar mp: eee OS cic hes ae ern — oe a a oe ¥ a “ne aan ac 
ae : se es © Ena 4 a ek Fr as 3 ae a ee ee ee sal 4 i > 4a " 
ae ‘ memo ae ieee AP SS ee ae — ee Bi oe — el 3 eve 
E es E ae So Sos = Be = a ie - ose — $0 : 
: aoe bs ; pers y ee ae ~ vb as o —_— 2, ee ae : hae ; 
ae eee Are eee 8 eG MPG — : ’ ‘ a a eS Get Lae Bets 2a ens 
' Tea ge SORE BL SNORE faa, tT 8p ae — 4 es : aay S rs a 
id Oe Ned de i gt UR J _ 2. oF a AS, Pee oe fa, 6g es ee ae Ae 
aie eee oe ae &e4 ie a ne ee 
hie te Peet ee oe. Aa ii tal i Me) emg eget a 
SEL oe ee Deen te ~~... si a a | oe 
i : tae Riis i eo YS ee bs Lo a Melon Uc Eee Se 
Pale ane Nie ase te Weep nee x be a Veen 0 EE a a Ls oer Ss op ee es ee 
Oe ee | eae ee an 5 WO I gh SS ats eile 
; Re ee, oc. Re —  -« FF Ye Sa Tea 
ci ae : ee eek ee eee eet fe ee Ch ee ee — Vere se ; 
Fees 2, | eae coger a: RRR OCS SN Hip lo | Si se aoe: 1 OE © | eae = ee. 
me st ee Be eh ae ee Roy Mae eats We a ‘ aT ae i regia | ‘ ’ es ee ee. Speed C 
3 3 oan We os, ae ithe ‘ a. ao ape a. Sie = CE iy he ee eine sy ‘a < “” er oe ak Oy Sa ees 
; ; Seo. laa bot 2 ease Ea SR ee Sa hy yg) eee 
; : Bee Oe oleae kas eee er: ee iar a aed he: t Sot eee 
ee ewe er er, ning Sh poe, tae YS Re Nee os ae eee Tee *. ree | 
, : ages)” Aenea ie Spat tet ee Ree eae ite Beek Sak tiem eae - : a ee \ ho Seana 
‘ < ~ Oe aa Mead Reh atl, 5, oes gene eg eer Tate ee Bie ie ee Ao eae ee : SY i Be hs oot ae ae ‘ 
: : : ; rasa 2 Bele. Seamer eS BES Ieee oN eet ae oye J = ns . ey eee 
; Pee , aos bes veer Saas a 7 , ye eee i 
: 9 at a a Oe eens Pee omen ( Eat = ae Bo yoyo ee ae 
; ae: mee ee pe aes, ee : Ses — De a re ; _ ee €. Ae Pace te 
; 7h eas Coe Te ae Jip. ee al “AG ie am ¥ ie Pays. a Be Te ee: Tae i ae 
§ er eee ioe 2 SS pees ss = i Fe Se Se : gil ae eee f 
gee y aaa nae = ae - ia “ < se ir “age eee aS a - ELECTRONIC ae ae : 
: re ee NESS ae es Raa aa’ a 4 i i a ae = | oh ty Mes AN, 
E me abe, BRR ee se: Cath eae “a ae praia es ee 2 eee GAGE he oS 
; , ey: ieee ea eee ag =a ee bee. Pees — | ’ eae Ga a | 
B Sate ea (ope ba muons ae SS F " aes ge hall % ea a Me Sloe Sie ogee 3 A ig 5 fe | ars uit 
" am ne Se a Sc Call es at aa 8 4: . ee a pid ape ps 3 Be Pipale ae Be Em, ‘ae Fe eh ote SN a 
Fi F rc scars ak canes | "2 eae t iar a ; he gs Ti Bie cet ieee ol Mae sz eS ee re oe . ne para th 
° : A a Sree pus | Siar pene ee , — ie gels OF Se es ee eae, Wet 2 La 7 aor 
SS i > ~~ eee ee A em | ae se 
- ae oe eS a eee aie pas een ee kc, a ee ne ee Re eee 
TREN gS Sean a ae rae mat ie ee aia i i ae yee te ae eo a Lo) as 
tear ce) Le la) gg eal ae oe ae ie «toes _aie — aa + 3. 
; ' ae oe eed ee ee a ie. ae eee eee ee 
ee ee + (ae . A TSAR ae 2 . pee. a * Brae Dh S es eee ee te 
¥ y eae aaa ee oe = ge Ae ah Eee adie a a aa , aie gins ee eye fe eS Sette 
aa a hl ie OF ee a a : g/g ae 
, SE ae ie =< ae ee a we, * er > ae eearten eae PO N Be Fi 
dj . ts: ————e ll CS a i he ae Ek tr are 2 ; : a ae ny Rig, oa assure. Oey 
4 w= pas 4 pte” care Me a ee _£ ieee 1 oem fat eh oS) Bp ‘ai... a ipa es eR rae 
E fo peo) oan 2 ahaa f Bas be ; ieee ne ee a Ce a pas a é aie — ma ll CS ae y en & 
x: es ie Po ees ee, ere ae * 0 i I 
q 4 SE SG Ae " ve — ie Cee) Se ie ia VS Bae 2 ee oe SS ee gee Se 
4 tcake EIR Cs es .s.. a. yo . - Ei, ee hn er ceed 
si ss . 3 a aa reed: Sees a eke eee. a Lei Z Bie j Dita dee cote oe St Saray 
q > Bo a J A * fe i eines She ee ae ° A ; — See: eee mae 
: eg sz f ae ow bia. J Ba SR Ae St aan 2 bay lg ee he Res a. "ao so Snail ee eo eee SF 
ee ee i. “i ay ; ie | ae ee PRs | a ail . i eee ae See at 
: >. we ; a a a es SS me ke ae 0 Ok Xk OS ee 
oe F “* Ba a ee ee er See Biges ae |; Ae 
3 q : F : ; ist agua Le >>: ia “eae at oe ae . i ae ae = 
‘ bs Hea ~ aS hee eer ee a ae. ee 
; r Cita 00 a, RR 
te aa sr Bes ee: eee ae. ana or ane ON 
Pes. = a fan a ea wall ' ee Sok nig 12 — SW es 
; CRUCIBLE pe RR Se oe > = a Soe i oe ae GRAPHITE NOZZLE bt ee 
AS Abas 3 eae Re i a eee age Le Re ae eo “NBR ge Te Se ae 
4 A Boge: 5 Bs 4 4 Aare. a . Uy eae STS err Reet? MMe as. aS 
ie a ee . = ae “ahi: ; aie Se ae 
ee e ee eae oy yon ae ee ee Meee eg eee. 
: Ms Lae So P| j ee ae a 5 “hh rite oe Aone Sheer. 
. a a UO ae Ss AS i. | 
: K Mahe lan ae cee a » gaat ele oe ce wae ae 7 Aa | oa ae Megha cee eu Petes 
Pe cae  Meieee | igh ei ee a ee 7 Bee ee. ee Pio Ip 
a ae ee ee i 2 Sea a yj gS test Paks Sie (OO Ya 7 Lis See ees mS aly on Sie ee aaa a i. te ar ee 
i } : oer a ba ee es a : ie eee oe = emerge es ia or es ees Sipe; 
Weise ae ee per age le ik Se ae — “ ees. eee a eee a 
a ag ae ee Oe ee faa Deny iL + Fe ee ae a + : Moke, ies. om BREE SSR RES Se mag ye ee os ' 
fe RMI Se Ne Rh a ara ech J Bee coe. aR, al . - Se. Rees pee oh ys ca ee 9s ye) Aas 
i a + a aS 2 LEE aca, a “a a OR am) ec egreea eS “Se ia a ; 
; AF old sa. ie Re ee : | ppeelpieos eesoar ee Ty EE od i em aie Boome Gut sl gia oe 
es paae as ee ie - ier S85 a ae ee ck is a ee ia. a 
it é Se aS 5 piece ail - vk Beer, a Meee YO Sa Gee ae So Ur Re pe a a ; 
Son. a Ba oa i 3a chee J. Sie ee o . ogi "7 ey pte: AOS Gee aaa Brie: — SS a aaa are eae 
ao a, a ES —— ED ee oh gee a eee 
3 pee eS en Le = J wis is me ae te x dp si 1 be a “ie a Bat: a 4% K 
~ ‘ a 4 ' of ei ee # rg feet a oe ie Sa ri a 
oes aay’ — 4 ge oa: eee ae ee Re eS a i 3 
i mae’ - me > OE ge pa nD x ae ane . go See ne 
ae J) <a aes ‘ AO " > Po) oy rd 
ee on ae... a ovis a. oe —§G a ' | e he | : eee Prete ss 
a 33 aoe ee — ge 
ae < ee E is CARB r 3 wee ie 
s i. ee ee i eg US Sony j q 
4 eae ees ay ae — Bee ee) Ae a Ae 
: ; Sit ae. ae eee emer 
a t v . Be an oe tae aa. ye a a oat 
; 32 ee es: Sa en ee ee a a aie es. eae 1 Sena 
é . s ie ee ee Me vo gee eS diet re oe: | 
=, 4 Ai: aaa us eal es ty ch Or os Rarer wie ness ) sa if gprs Ses ad Oa eee 07 
a teen eee ile S | felt Ne Oe ae, eee ae, ieee ip ol a RN 2 a & 
5 ; 7 ees, ee SS ee ah RO & Re tmp ey Bae ah Sapa aca oS) Se 
Soke ae ae nel in Corb ide“ and ‘'Plasmarc ‘are trade [eee Ot a 
tS f _——s ad P Sapte a. Megat Oe RED ae oo ls a a if ee Cao ore ie cise Ee Wee ae 
: | pk . 28e Vai eee ee ee RN oy ne! Oe a aoe lena 
eg end Re a ide Corporation. — Oy ee Bae er 
at 2 boo , Ses Sige Sas yee (aos i, i eee Aa 
‘i : oe es a” re ae ei i Sees PRA 2? 1 5° 
c Sieg seat reas peas «Mi i oY Pe a kn je Bee I he Tee OR te Soa a. ee 
ee a ear a ot, eames aie ae a ee. - 
oo eee a se = eee ee ee 
; | a ee on Femi), a Wee ae. ate * enna e + Bs ae oS 
: ae per meme epee > 4 Cok rte pas bsg 2 der eee a 
at 7 ete” See ee ei | a > ae Tt ee BN ee as rome 2 eee | te: ia, As gee e any 
: nie ae en an caplet (aes ea a 5 Teas Ny We Ne er) ae pew oe feos s.r Fr. 
Bs y . ear Sider oe a {oe eR ee. vs 0G Tage Ge sists BAC AE GACY (oe I 
Bae et es a aie i ees 5 Sate rc ar Bore es ae st ae a ees fi 
. a oie te tr ee ge wea ey Seg aes et ag og Se” SER SESE Mm =a ” 
: a aa 2s Ry, 5 ie aS we. 7 Au OS ee 
Be BRA oa WR SRET co: at aS at 
et = a serge 8S cae 


a ve X ‘ = sy 
illiieasillaae : “ aaa oe ee ES Saar NS a NM Te SP i ar LE Ra 


i 


LR20B 
SERIES 


TO 15,000 PSI AND 50,000 SCFM WIT . 
Vi CTO ag REGU LA > pRoaibi | ‘ 


You get precise regulation of high pressure gases with large flow rates, because Victor employs gas 
pressure to control the regulating diaphragm. The result is accurate delivery from 5 to 15,000 psi with 
inlet pressures to 15,000 psi .. . plus ability to obtain flows in excess of 50,000 scfm at maximum inlet 
and outlet pressures. Chart below shows operating range of standard models. 


MODEL MAX. INLET MAX. OUTLET FEATURES MAX. FLOW 
NO. PSI PSI SCFM 
GD10 3,600 500 Single adjustment regulator control 250 
GD30 2,500 2,500 Load & bleed vaive contr 400 
GD31 3,600 3,600 Load & bleed valve contro 600 
GD6IC 2,500 2,500 Load & bleed valve control 170 
GD62C 3,600 3,600 Load & bleed valve control 200 
GD65 6,000 6,000 Load & bleed valve contro 250 
GD65C 7,000 7,000 Load & bleed valve contro 250 
GD80A 5,000 5,000 Load & bleed valve contro 500 
. . Yours for the asking GD81A 10,000 10,000 Load & bleed valve contro 800 
Take advantage of Victor's GD86R 10,000 10,000 For remote control only 1,200 
long experience with high GD1O00R 6,000 6,000 For remote contr nly 20,000 
pressure gas regulation to GD100 6,000 6,000 Load & bleed valve control 20,000 
: GD200 6,000 6,000 Load & bleed valve control 50,000 
help solve your special GD700 7,000 7,000 Single adjustment reguiator control; 250 
problems involving flow SR10 3,600 1,000 syieti, aegeeas tall sail + 
rates, delivery pressures, LR20B 7,000 7,000 Spring loaded regulator; self relieving 2 . 
corrosive fluids and tem- LR20BSS 10,000 10,000 Spring loaded; stainless steel 2 
perature compensation. LV10 7,000 7,000 Loader vaive control 15 
Write, wire or phone us BPRIO 7,000 7,000 Back pressure regulator 2 
today. No obligation. Operating temperature range: —67°F. to +250 F. 


All models listed are field proved. Most are designed for panel mounting or remote control. They regu- 
late all non-corrosive gases, including oxygen. Stainless steel models available for corrosive gases and 
pressures above 10,000 psi. For complete specifications, write for Victor High Pressure Regulator sheets. 


ViCIOR EQUIPMENI COMPANY fiscx. 


rs Mfrs. of High Pressure and Large Volume Gas Regulators; welding & cutting equipment; hardfacing rods; 
OO blasting nozzies; cobalt & tungsten castings; straight-line and shape cutting machines. 


844 Folsom St., San Francisco 7 * 3821 Santa Fe Avenue, Los Angeles 58 + 1145 E. 76th St., Chicago 19 
Circle 13 on Inquiry Card, page 89 J. C. Menzies & Co., Wholly-Owned Subsidiary 
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use Airco’s new Dip Transfert CO. Process** 


jor ALL-POSITION WELDING OF 
STEEL IN ALL THICKNESSES 


low costs-easy fit up+ high speed-very low spatter+no warpage 


¢ No flux needed. 
e Penetrates deeply — critical for high quality. 


In welding mild sheet steel manually, there’s only 
one way to reduce costs and produce high quality 


welds at the same time. Airco Dip Transfer COz 

Process Welding. Let’s be specific: — 

¢ The complete Airco Dip Transfer CO» package 
welds in all positions... manually! 

e Welds are hydrogen-free. 

e Virtually ends warpage — only low average 
currents are used for burn off. 

e Creates little or no spatter. 

e Handles typical steel joint fit ups. 


e Welds much faster than flux-based processes. 
e Uses money-saving Pureco COzas shielding gas. 
¢ The basic equipment welds all weldable metals. 
The Airco Dip Transfer CO» Process gives you 
consistently high quality welds at lower costs 
than any other process. For complete informa- 
tion, phone or write your nearest Air Reduction 
Representative. Ask for the new 24-page 
“ATIRCOMATIC COs WELDING” Catalog. 


Pureco CO, is supplied by the Pure Carbonic Company, a division of Air Reduction Company, Incorporated. 


{Trademark 
**Patent Applied For On the west coast— 
Air Reduction Pacific Company 
Internationally— 
—a1—— AiR REDUCTION SALES COMPANY Airco Company International 
In Cuba— 
Al RCO A division of Air Reduction Company, incorporated Cuban Air Products Corporation 
— Ss ® 150 East 42nd Street, New York 17, N.Y. fy sneitied 


All divisions or subsidiaries 


Offices and authorized dealers in most principal cities of Air Reduction Company, Inc. 
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MetalFilm Strain Gages... 


each backed with factory technical service 


Tatnall MetalFilm Strain Gages for use from sub-zero 
temperatures to 1800°F are supplied directly by the 
factory ... where all your questions can be answered, 
and your requests for assistance are promptly met by 


strain gage experts. 


MetalFilm Strain Gages are a unique combination of 
ultra-thin, precisely controlled alloy foil with plastic 
or strippable backings. These gages are flexible, tem- 
perature compensated, and stabilized. Many can be 


applied in less than 5 minutes. 


Mr. Purchasing Agent: Discounts are provided on quan- 


tity purchases. 


For full information and literature about MetalFilm 
Strain Gages, their specifications, application, and 


prices, contact our Department AM-6. 


TATNALL MEASURING SYSTEMS COMPANY 2 


A SUBSIDIARY OF THE BUDD COMPANY «+ P.O. BOX 245 + PHOENIXVILLE, PENNSYLVANIA 


| A 
Taare 
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New design in Sigma hand welding torches 


Here is a new, lightweight torch—only 16 
ounces—for manually welding light-gage 
steels. Sigma ST-2 welds in all positions with 
no change in control or current settings. Welds 
.030- to .100-in. sheet, using low-voltage short- 
are technique with .020- and .030-in. hard- 
drawn wire. For 200 amp continuous service. 
Balanced design makes handling easy. Serv- 
ice lines enter through rear of handle—a con- 
venience in cramped quarters. Start-stop 
switch on handle, easy to reach. Nozzle has a 
60° curve for maximum weld visibility. 
Sigma ST-2 makes high-quality welds at 
high speed. Seams require no cleaning... dis- 


“Linde” and **Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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tortion is at a minimum. Inert gas shielding 
is economical. Low flow rate—only 10 cu. ft. 
or less per hour—means even more savings. 

Call your nearest LINDE office today for a 
demonstration of this new Sigma ST-2 torch! 
Or write Dept. AC-6, Linpe Company, Div. 
of Union Carbide Corporation, 30 East 42nd 
Street, New York 17, N.Y. Offices in other 
principal cities. In Canada: Linde Company, 
Division of Union Carbide Canada Limited. 


TRADE-MARK 
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HIGH-STRENGTH ALUMINUM CASTINGS 


‘Complex machining was. 
avoided on the T-38 
canopy supports with 
castings of high-strength 
Ductaluminum. 


DUCTALUMINUM CASTINGS TO MIL-C-21180A 
SAVE NORTHROP $1,500 PER T-38 JET 


Using high-strength Ductaluminum castings for 
three structural canopy supports on the new 
T-38 supersonic jet trainer saved Northrop 
$1,500 per ship. The alternative—a fabricated 
assembly of hog-outs from forgings and extru- 
sions—would have occupied greater space, 
weighed nine pounds extra, and cost $1,500 
more for each aircraft. 

Northrop’s example proves that high-strength 
castings with guaranteed mechanical properties 
(in the casting) can be used in place of forgings, 
extrusions or weldments for structural parts at 
considerable savings to the manufacturer. Con- 
sider these advantages of castings: lower tooling 


AMERICAN 


cost, intricate design, cast-in lightening holes 
and bosses, and rigid, one-piece construction. 
Ductaluminum castings produced to MIL- 
C-21180A (ASG) specification provide the fol- 
lowing guaranteed properties* in highly stressed 
areas. 


UTS Ys %MEL 
Ductaluminum 356T..... 38,000...:.. 28,000..... 6.0 
Ductaluminum 356S..... AAOO0....... 35,000..... 3.0 
Ductaluminum 355...... 50,000..... 40,000..... 3.0 


*Higher properties can be guaranteed in castings with 
favorable design characteristics. 


Plants at Mahwah, New Jersey and Rivera, California 
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Jet Miracle by Boeing 707 
Protective Coatings by Amchem Alodine! 


At Boeing’s Seattle and Renton plants giant dipping 
tanks are utilized to treat unpainted portions of 
707 fuselages and engine pods with Amchem Alodine, 
the superb chemical conversion coating. The amor- 
phous chromate coating imparted to aluminum by 
Alodine endows this strong light metal with corrosion 
resistance and adhesion characteristics superior to 
other chemical treatments. This superiority of 
Amchem Alodine is needed to withstand the rigorous 
environments experienced in jet flight. 


Write for Bulletin 1424B describing 
specific applications of Amchem 
Alodine. Contains handy Selection 
Chart to help you choose the 
Alodine type suited to your needs. 


Alodizing with Alodine is the fastest method of 
treating aluminum parts uniformly. Savings are 
realized through reduced costs of electrical power, 
labor and processing time, fewer rejects. And Amchem 
technical specialists are always available to render 
assistance in determining initial requirements, recom- 
mending proper equipment, training personnel and 
following through on quality control. 


Follow the industry leaders who specify Alodized 
with Alodine for a finer end product. 


another chemical development of 
Amchem Products, Inc., Ambler 12, Pa. 
(Formerly American Chemical Paint Co.) 


Detroit, Mich., St. Joseph, Mo., Niles, Calif., Windsor, Ont. e Amchem and Alodine are registered trademarks of Amchem Products, Inc. 
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Inside this low temperature chamber at Wyle Lab- 
oratories, missile and aircraft mobile ground sup- 
port test units are subjected to temperatures plung- 
ing well below arctic fare. 

The best refrigerant for this important test job 
is PURECO CO, in bulk liquid or solid form 
(“DRY-ICE”). It can be ACCURATELY CON- 
TROLLED, is MAINTENANCE-FREE, CON- 
VENIENT, RELIABLE and LOW IN COST. 


Gurecol 2 
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Partial view of a 10’ 
x 10’ x 35’ low tem- 
perature test cham- 
ber built by the 
Mantec Division of 
Wyle Manufacturing 
Corp., El Segundo, 
California. Bulk lig- 
' uid PURECO CO, can 
| bring the interior 
down to —110° F. in 


aa 
ee ie, ites. 


PURECO CO, puts the freeze on Wyle test chambers 


Wyle standardizes on PURECO CO, because 
PURECO means dependability of supply and 
know-how. 

PURECO’S Technical Sales Service is qualified 
to assist you in adapting CO, to any particular 
refrigeration or inerting application. Call your 
PURE CARBONIC representative. There are 
more than 100 PURECO locations from coast 
to coast. 


Pure Carbonic Company 


A Division of Air Reduction Company, Incorporated 


150 EAST 42ND STREET, NEW YORK 17, N. Y. 
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(Advertisement ) 


| | A REPORT ON THE 


FIRST SUCCESSFUL PROCESS 
FOR CHEMICALLY MILLING 
LIGHT METAL CASTINGS 


ee — secre 


PE MR Mat A RE De EAS ae to NBME NOE ROOM SCE AN DSS SOOT DER BS ES LN CI AI PF 


In high speed jets, rockets, and missiles the price tag on every ounce of excess weight 
is enormous. Even the use of lightweight aluminum and magnesium alloys wherever 
possible leaves room for improvement. For while part thickness is often determined by 
structural requirements, it is frequently a function of the metalworking processes used. 
Castings, for example, must have sufficient wall thickness to assure sound structure 
throughout. Thinner sections are generally achieved by machining the parts after casting. 
This is often an expensive and sometimes impossible task, especially where complex 
contours or double walls are involved. 


Enter Chemical Milling ment in dimensional tolerances of the part as a result of the 
chemical milling process. And at the same time, surface 
finishes of an order of 100 microinches or better can be 
consistently achieved, 


The first break came when a solution was discovered to 
the same problem as it affected wrought parts. The solu- 
tion—familiar to every high school chemistry student— 
was based on the consumption of metals by powerful There are two ways you can take advantage of this Rolle 
reagents. Its successful application to metalworking pro- Me i 


; nate 2 ‘ t technique for chemical milling. One requires the con- 
duction presaged significant strides in weight reduction. 


é trolled removal of metal from the entire surface area of 
But when the same techniques were applied to castings, the part. Allowance can be made in the pattern for hold- 
results were extremely poor. ing heavy sections and critical dimensions despite chemi- 
cal metal removal. The other method, useful where the 


Rolle research immediately began laboratory tests to rei 
: 7 : areas to be lightened are relatively limited, requires mask- 


discover the reason for the failure, and found it often ; ee 
: 5 : : ; : ing of those areas not to be etched. The proper technique, 

lay in the castings. Even minor imperfections in the cast- - 

ing surface unbalanced the process of metal removal— 

enlarging any defects present. Rolle also found, after 


of course, can only be decided on the basis of the in- 
dividual part. 


much searching, that only certain reagents in certain 


: ; Since the success of chemical milling depends to a con- 
concentrations—depending on both the part cast and siderable extent on the soundness of the casting itself, 
the alloy used—could guarantee success. It has taken Rolle cannot promise satisfactory results on any but a 
almost two years of exhaustive research to refine this Rolle cast part. But Rolle will gladly examine your prints 
process to the extent that it can now take its place as an and parts in light of this new technique and make recom- 
accepted metalworking technique. Parts can now be mendations or quote prices, 2s you desire. Furthermore, 
designed for casting that could only be constructed by we'll be happy to answer any a on questions you may 
sheet fabrication techniques in the past. have relevant to chemical milling or the sand, permanent 


mold, shell mold, or investment casting of aluminum or 
Half The Wall Thickness magnesium alloys. Write Rolle Manufacturing Company, 
317 Cannon Avenue, Lansdale, Pa., or call ULysses 5-1171. 


The major advantages of this chemical milling process are 
pretty much wrapped up in the single figure 0.060"—the 
wall thickness which Rolle can consistently meet by the 
process. The importance of this figure is readily compre- 
hended by comparing with it the conventional limit on cast- 
ing wall thickness—.125". Rigid control techniques, de- 


- 
veloped in the laboratory, even permit an overall improve- oun FOOLLE er a 


Aircraft and Missiles Manufacturing ¢ June 1959 Circle 20 on Inquiry Card, page 89 41 


P * 5 oe P be bens ae . ae te oe aie “Reh i ca ‘Sia a iss. erratic nme «em. ce y ; % ‘ . 5 : c 
= ‘te 
: gh : 
we oe 
a e va 
, & , 
f A , 
‘ * a y 
ES 4 « f af be 
ll 4 i 
ae y - ‘4 oe 
ba of ; ‘A ih 
<4 ra 4 ; 
~ a 4 4 
< is 
J iad ag eee 
+ & ae 
j 4 e 
cm eS a} 
f . en 
: : 
, fhe 
Bi i 
= AR ns - 5 a _ Re d 
en | 
3 Oh 
24: 
ty 
ee oe eee eS e 
hie Cy ee gee Ae ee ae eee! ies a Seah CE A itis CN ‘ i a a 
es a. Se eee che 0S D> ee eat : 
oe “ a, eect el eae [SRE A ee a | Ui ce uae cee") fe 


a Le oS LL UL 


' LANDING PATTERN 
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S700 FT 240 KNOTS (277 MPH) (indicated) 


— sy —_ 
. aT 
ay a a 
, ae 
SS 
TURN ON FINAL S800 FT 240 KNOTS (277 MPH) 


Cindicated) 


TOUCH DCOWN 180 KNOTS (207 MPH) « 


(indicated) 
a ra BALLISTIC 
a T 
FLARE OUT FOR LANDING . PORTION 


S200 FT 240 KNOTS (277 MPH) 


— . 
Undiested) , RS 


EOWARDS AIR FORCE BASE 


HIGH ALTITUDE 


+ 4 HIGH SPEED 4 MISSION 
ae ENGINE BURNOUT =’ ENGINE BURNOUT 


38.000 FT 38,000 FT 


oO Mi. 200 MI. 
<A 
f K K SS } (INTERSTATION 


a 


c hee A 


ind 
2 , en " nec 
iia ) ae WENDOVER Consoue 
=? “Wie agner 
Pa Liadee i 3 
v a 4 Mh A a! K TELEMETER 
J > Jee ———= oe 
. = F. ‘ 4 . | Locar 
‘ 
wet — ded il + Be 2 
4 
: 
: 
: 
- 
. 
q 


_ 3% 


0 By 


7 = NASA radar technician is shown at radar set that will 
aes be used to track X-15 on the High Range. Ground 
aa ae §6telemetry stations will be used to gather critical flight info. 


X-15-—a prodigious project 


documentation will leave little to doubt; 
ground telemetry stations can interrogate 
600,000 points/min 

on airframe, engine, and pilot 
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CONTROL 
OF FLIGHT 


MISSION 


LEVEL FLY DECELERATION 


seiauaiaile 1xXxB 
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COMMUNICATION) 


LogRarH 
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EOWAROS DATA 


INTERSTATION COMMUNICATION 
> 


North American Aviation’s X-15 may be 
the most significant flight vehicle ever built. Each 
flight promises to write a new page in man’s his- 
toric adventure to fly beyond the confines of 
Earth. And, every aspect of every flight will be 
precisely recorded on tape. Airborne recording 
devices will be supplemented by ground telemetry 
stations along the High Range that stretches 485 
mi across some of the most desolate landscape in 
US. Scrupulous watch will be maintained over 
every item from pilots heartbeat, to the operation 
of turbopumps that feed life-giving propellant 
to X-15’s engine. 

Manufacturing-wise, the aircraft has been 
a maximum national effort. Interest-wise it has 
taken on international proportions. The prodig- 
ious glamour is not all attached to the end result 
— the flight. Engineering, production, and pro- 
curement practices are equally dramatic. 

X-15 has.a wide range of missions. Most 
important among these are probably: 
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THE HIGH RANGE 


X-15 flights can be separated into two broad categories: 
maximum altitude, and maximum speed. These flights will 
occur over a vast expanse of unnamed mountains and des- 
erts. Air Force and NASA have marked a 485-mile flyway 50 
miles wide as the X-15 High Range. It stretches from 
Wendover AFB, Utah, to Edwards AFB, California. Special 
tracking stations along the way have been built by 
Electronics Engineering Co. to follow X-15 by radar and 
collect telemetry data. Maximum bulk data that can be 
collected by these stations runs to 600,000 items a minute. 


LOCAL 
PLOT 


@ Hypersonic maneuvers 

@ Ballistic flight beyond the atmosphere 

@ Reentry 

Ramifications of these missions stagger 
the imagination. They include: Physiological con- 
sequences of 7G accelerations. Extended periods 
of weightlessness. The instrumentation challenge 
of navigating and maneuvering in space with no 
gravitational or visual reference to earth. The 
problem of maintaining controlled flight where 
over 50 years of accumulated knowledge in aero- 
dynamics does not apply. The unprecedented 
challenge of making an engine, nearly as power- 
ful as Atlas sustainer, safely respond to the 
wishes of a man sitting no more than 40 ft in 
front of it. 

Tons of data have already been accumu- 
lated on problems and their solutions. These will 
be dwarfed at the end of the twenty flights in 
which North American will prove out its design. 


continued on next page 
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a prodigious project . . . continued 


Along the High Range, in stations built by 
Electronics Engineering Co., “experts” will fly 
with the pilot by “looking over his shoulder” at 
telemetered data. These experts include aero- 
dynamicists, flight surgeons, stress engineers, 
propulsion engineers, etc. 

First flight will not be powered. X-15 will 
be dropped “dry” from as high as B-52 mother- 
ship can carry it. Gliding at over 400 mph (TAS) 
pilot will test pitch, yaw, and roll, perform slips, 
extend flaps, and in the two minutes that remain 
effect a landing at Edwards AFB. Rate of de- 
scent will be comparable to that of an F-100 with 
wheels, flaps, brakes, and drag chute extended. 
Landing pattern (high key) will be at 15,000 ft, 
downwind turn at 8700 ft and 240 kts. Touch- 
down will be in the vicinity of 180 kts. 

Documentation will leave nothing to doubt 
when X-15 flies the full 485 mi range. On the 
High Range, image will be plotted visually, and 
position recorded on tape in yards distant and 
altitude. 

Continuously - monitoring telemetry will 
electronically answer over 1000 different “ques- 
tions” every 1 to 10 seconds. About 656 of these 


44 


me 


RO A a, NS 


Pa Fe 
aa 


Nine thousand feet above sea level sits the High Range 
Station at Ely, Nevada. Light area at foot of mountains 
in background is a dry-lake emergency-landing strip. 


questions will be about temperatures inside and 
on the surface of the aircraft. Over 100 questions 
will be asked about strains at various points on 
the airframe. Pressures will be monitored at 140 
different places. Maximum bulk data that can be 
gathered on existing facilities runs to 600,000 
answers a minute. 

Data reduction procedures have been 
stepped up nearly ten times faster than previous 
methods. Raw data tapes can be fed into ma- 
chines at Project Datum, Edwards AFB and 
critical periods in the flight will be found in 
minutes. 

When the pilot calls “light up,” and the 
word goes out to the High Range to “start tapes,” 
the most momentous flight program ever under- 
taken will begin being documented for posterity. 


7 


A REPRINT 


of this article can be obtained by writing on company 
letterhead to 


The Editor 
AIRCRAFT and MISSILES MANUFACTURING 
Chestnut & 56th Sts., Philadelphia 39, Pa. 
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RESPONSIBILITY: 


} carriers and mounts. 


Use this experience when you need transport 
and handling equipment, engineered from the 
j systems approach to meet the specific operational 


objectives of your weapon. 


to submit proposals. 


St. Louis 15, Mo. 


Write on your letterhead for Information 


PP COD000GO00000 


oS n ae = 5 
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EQUIPMENT 


AUTHORITY 


Through 70 years of war and peace, St. Louis Car 
has developed, tested and built transport and 
handling equipment... railroad stock... 
amphibious vehicles... aircraft... special-purpose 


Before you assign any transport and handling 
equipment work—from R&D to production— 
evaluate St. Louis Car. We welcome the chance 
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SCHLIEREN OPTICAL SYSTEM 
IN NORTH AMERICAN AVIATION 
TRISONIC WIND TUNNEL 


Fig. 1. Schematic layout of optical system in sub-trans-super sonic wind tunnel shows essential elements. (A) 1000-watt 
mercury light source. (B) Micrometer adjusting slit to control light intensity. (C) Bank of 5 windows 11,4 in. polished optical 
glass, flush mounted to wall within 0.001 in. (D) Knife edge cuts off fraction of image. (E) Hulcer and Fairchild cameras 


focus on beam splitter. (F) Operator seated at control panel can 


observe shock waves. 


Optics in the wind tunnel 


how schlieren system is used 


to observe and record 


shock-wave phenomena 


by J. Philip Geddes 


Shock waves are normally invisible to the 
naked eye. The schlieren system of optics, how- 
ever, makes possible the observing and photo- 
graphing of shock wave formations in supersonic 
wind tunnels. 

Schlieren techniques are most commonly 
used to show the positions and shapes of density 
gradients. These are observable in shock and ex- 
pansion waves, in boundary layers, and in wakes. 
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Using this system, a physical understanding of 
the flow over a model can be established. A rela- 
tively large field of flow can be examined rapidly, 
without the disturbances produced by exploring 
instruments. 


NAA Trisonic Tunnel 


North American Aviation employs a black 
and white, Toepler schlieren optical system in 
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the Trisonic wind tunnel at Los Angeles. The in- 
stallation is shown schematically in Fig. 1. The 
schlieren system was designed by Precision Tech- 
noiogy Inc., and the precision optics were manu- 
factured by Tinsley Labs. for this installation. 

A 1000 watt mercury light source is di- 
rected through an adjustable slit at the focal 
point of a 60-in. collimating mirror. The adjust- 
able slit enables variations in the intensity of the 
light source. The collimating mirror produces a 
beam of parallel light which passes through op- 
tical windows in the wind tunnel walls and 
crosses the air flow. A 60-in. image mirror, 
placed behind the flow, gives an image of the 
source at the focal plane. This image is reflected 
by a folding mirror into a beam splitter, which 
directs the image to a recording camera and a 
viewing screen. 

A knife edge, introduced into the focal 
plane of the image forming mirror, cuts off a 
fraction of the image before the beam splitter. 
If the density of the air flow in the tunnel is 
uniform, across planes normal to the direction 
of the beam of light, the viewing screen darkens 
uniformly. When a density gradient occurs nor- 
mal to the direction of light, the beam is deflected 
toward the region of high density. This is be- 
cause light travels more slowly where the den- 
sity is greater. Thus, the image, composed of 
light passed through the regions of the density 
gradient, is displaced relative to the knife edge. 
Displaced light may be either cut off by the knife 
edge producing dark streaks on the screen; or, 
it may be deflected off the knife edge, producing 
light streaks on the screen. Well defined patterns 


Shock waves are seen forming during test of F-107A 
fuselage at Mach 2. Heavy vertical bars are 
steel framework supporting optical windows. 
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can be observed on the screen or photographic 
plate. 


System Working Range 

A Toepler schlieren apparatus is sensitive 
only to deflections of the light in which the image 
of the source remains partially cut off by the 
knife edge. If the image is deflected completely 
onto or away from the knife edge, further de- 
flection produces no change of illumination on the 
screen or plate. It then is impossible to distin- 
guish between density gradients in the flow, 
stronger than those corresponding to the limit of 
the range. 


System Uses 

@ Studying the point of origin and inten- 
sity of shock waves can lead to drag 
reduction. Slight changes in structural 
geometry can produce better shock/ 
drag characteristics: the schlieren pho- 
tograph points the way. 

@ Shock formations on supersonic ducts 
are intimately linked to effectiveness of 
pressure recovery. Viewing shock for- 
mations is invaluable in determining 
correct duct geometry. 

@ Schlieren observations of shock waves 
have saved many expensive models 
from damage or complete destruction. 

@ Schlieren photographs can be used as 
documentary evidence of flow speed over 
a model, as the angle formed by the 
shock waves is directly related to Mach 
Number. 

° 


Control panel and view screen are shown during static 
test. Schlieren controls are on center console. 
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CAN YOU GUESS 


The Rupture Pressure Of A 14" Rupture Disc Made From 
This Paper-Thin Piece Of Stainless Steel By BS&B? 


Rupture Disc Metals 


Size Rupture 
: : . ressure 
Aluminum Platinum Nickel PS!@720¢ 
Silver Stainless Monel 
Copper Inconel Pressure as low as 5 
You f psi can be attained in 
Rupture Discs are performing a wide —=S i, re large diameters; up to 
variety of pressure relief and actuation - : 100,000 psi in small 
functions on many of today’s most ad- #™ Ya" — 
vanced aircraft, missiles, rockets and BS ° gs Sizes from % inch up. 
submarines. die: 3” Service temperatures 
from sub-zero up to 
Here we show a few of these functions 4” 1000° F 
to illustrate the versatility of the rupture > 6" f P 
dise’s basic principle in application and se} BS&B will design and 
“ / 8” fabricate any device to 
design. Perhaps one of them will suggest LL/ hold the rupture disc 
an answer to your pressure control re- 10” to your space and 
quirements. 12” weight specifications. 


Rupture disc in larger fitting 
restrains the thrust of a ‘Jato 
Bottle’ until the ignited pro- 
pellant develops a_ specified 
pressure. When the desired 
thrust value pressure is reached, 
the disc ruptures to provide in- 
stantaneous exhaust and result- 
ont thrust. Disc in the small fit- 
ting is a safety device for over- 
pressure relief. 


This device fits in the outer 
shell of a vacuum insulator ves- 
sel containing a fuel compo- 
nent. The rupture disc protects 
against dangerous pressure 
build-ups which might occur if 
the inner shell should break or 
leak. 


Rupture disc in this fitting is 
used in underwater service. 
At a specified pressure the 
disc ruptures to actuate a trig- 
ger mechanism. 


This rupture disc fitting is 
used on seat ejection mecha- 
nisms to lessen shock by the 
dissipation of excess thrust 
pressure. 


. _— 


TU ee 
> | +2 < 


This disc assembly is used to 
protect against overpressure 
in air conditioning systems of 
commercial aircraft. 


Here a rupture disc serves as 
a vital component in power 
supply of nuclear powered 
submarine. 


Simultaneous rupture of the 
discs in two of these fittings 
triggers the mixing of a fuel 
and oxidizer. 


Rupture disc in this tiny fit- 
ting protects against overpres- 
sure in a missile’s hydraulic 
control system. 


May we suggest further investigation of rup- 
ture disc applicability to your pressure control 
requirements? For engineering consultation call 


, or write... 
y! 


Brack, Sivaits & Bryson, INC. 


Safety Head Division, Dept. 2-GC 6 
7500 East 12th Street 
Kansas City 26, Missouri 


large diameter (24) Safety 
Heads are fitted in manifold 
to provide overpressure pro- 
tection on this engine test 
chamber. 
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MINIATURIZED AMPLIFIER 


VHF amplifier with 
power supply is believed a major 
advance in miniaturization of 
airborne electronics equipment. 

Operated with evapora- 
tive cooling techniques, 5 KW 
output amplifier is two-stage 
design weighing less than 200 lb. 
It occupies less than three cu ft. 
This contrasts with conven- 
tional amplifier weighing over 
1,000 and requiring six-ft-high 
relay rack for installation. 


Aircraft and Missiles Manufacturing 


Heat generated inter- 
nally is conducted into water, 
causing boiling. Boiling water 
then serves as a coolant because 
of vaporization and release of 
steam. 

Unit has been delivered 
to USAF Cambridge Research 
Center, Bedford, Mass., for eval- 
uation. 


Martin 
Baltimore 


Co. 
Div. 


Circle 70 on postcard for more data 
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FIBROUS SILICONE RUBBER 


“Cohrlastic FSR”’ is sili- 
cone rubber product with tensile 
and tear strength superior to 
silicone sponge and foam. 

Silicone rubber fibers in 
mat are organized in random 
manner. This results in high 
strength. Product also has in- 
herent permeability. It is avail- 
able from pilot plant equipment 
in sheet 14 in. thick nine in. 
wide, six ft long. 

Connecticut Hard Rubber Co. 


Circle 77 on postcard for more data 


ELECTRICAL CONNECTOR 


Plug-in connector can 
make or break any number of 
electrical circuits simultane- 
ously. Self-aligning, it still 
makes possible a positive seal 
of the basic terminal arrange- 
ment. First application: on the 
ground to missile power switch- 
ing unit of the Snark missile. 

Device overcomes shock 

continued on next page 
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and vibration problems by em- 
ploying a ball and socket prin- 
ciple for its contact pins. Two 
ball-type pins are connected by 
a split sleeve held together by 
two garter springs. The action 
of the ball-contacts in the sleeve 


is that of a universal joint. 
Self - aligning feature 
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POSSIBLY BUY A BETTER ‘ WORM GEARS, ’ 
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INVESTIGATE IT! 
YOU'LL SEE! 


— 

Uj i 
TN) 

and BEVEL GEARS 

(up to 3” 0.0.) 


ASK 
for our gear hobber 


_-_ literature packet No. GH-740 


Hlanmilton 


PRECISION SMALL-GEAR HOBBING MACHINE 


THESE ARE REPRESENTATIVE USERS OF HAMILTON GEAR HOBBING. EQUIPMENT 


AiResearch Manufacturing Co. * Duncan Electric Co. * Bendix Aviation Corp. * Victor Adding Machine Co. * Lear, Co. * 
Minneapolis: Honeywell Regulator Co. * Geophysical Machine Works * Hughes Aircraft,Co. * Westinghouse Electric Corp. 
* Rockwell Meters, Inc. * Borg Products Division *. Herschede Hall Clock Co. * U.S. Navy Electronics Laboratory * Redstone 
Arsenal * Smallwood & Son Machine Co. * Link Aviation, Inc. * Bell Aircraft * General Mills * Elgin National Watch Co. * 
U. $. Naval Gun Factory * Grimes Manufacturing Co. * Texas Instruments, inc. * McDonnell Aircraft Co. * American Machine 


& Metals * Stromberg-Carlson Co. * Hamilton Standard * U.S. Gauge Co. * Western Gear Works * Schlumberger Well 
Surveying Corp. * Douglas Aircraft. 


“THE MAMILTON TOOL COMPANY = 882 SOUTH NINTH STREET - HAMILTON, M10 


Circle 23 on Inquiry Card, page 89 
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makes unnecessary the straight 
in-line insertion and extraction 
of the contact pins. Ground-sup- 
port cables and plugs can be 
made as a quick-action type that 
can be hinged and toggle-locked. 

Cole Electric Co. 


Circle 72 on postcard for more data 


SWITCHING SYSTEM FOR 
CRYOGENIC LIQUIDS 


Glass-aluminum sensing 
element functions well in cryo- 
genic and most other fluids at 
temperatures up to 160°F. 

Sensor combines with ex- 
ternal miniaturized control unit 
to form a liquid level switching 
system for low boiling point 
fluids. 


Elements have a glass tip 
with coefficient of expansion be- 
tween the barium titanate of 


the transducer and the alumi- 
num of the housing. Bonding 
cement forms leakproof bond 
between the three, and glass in- 
creases the acoustic qualities of 
element. 


Control unit, installed re- 
motely from tank in which sen- 
sor is placed, consists of transis- 
tor oscillator and relay. 

System responds in maxi- 
mum of 25 milliseconds. Probe, 
two in. long, 34, in. diam., 1 oz 
weight, operates from —320°F 
to 160°F. Typical control unit 
has seven cu in. bulk, weighs 
seven oz, operates between 
—55°F and 160°F, requires 200 
milliwatts power. 


Acoustica Associates Inc. 
Circle 76 on postcard for more data 
continued on page 53 
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FIRST in strain measurement 


MEET THE SR-4® BONDED 
FILAMENT STRAIN GAGE 
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Bonded wire and bonded foil strain 
gages are available in a wide range 
of designs to meet every gaging 
need. Drawings show typical grid 
configurations. 


Light as a feather, small as . postage 
stamp, more accurate than a fine 
micrometer, the bonded filament re- 
sistance strain gage has long been ac- 
cepted by engineers and designers as a 
virtually indispensable research tool. Its 
function is to detect the minute strains 
present at the surface of any solid ma- 
terial, component, or structure under 
stress, and it is so sensitive that it will 
react to the pressure of a child’s finger 
on a solid steel column an inch or more 
in diameter. 


Consisting of a looped filament of 
extremely fine wire or foil, sandwiched 
between two layers of flexible insulating 
material, the strain gage is deceptively 
simple in appearance. Actually, it is the 
end result of a carefully-controlled, 
high-precision manufacturing process. 


Its operation, as simple in theory as its 
appearance, depends on the fact that a 
conductor’s electrical resistance changes 
linearly with longitudinal distortion. 
The grid of a gage bonded to a surface 
will stretch or compress slightly with 
surface strain, thus changing its resist- 
ance to a small current passing through 
it and providing a measure of surface 
strains as small as one part in > million. 
Compression of the grid material is 
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STRAIN MEASUREMENT 


DATA SHEET No. 1 


Useful information about SR-4°® strain gages 


possible because of firm bonding to 
flexible backing layers. 


A NEW ERA IN 
MECHANICAL DESIGN 


The SR-4® Bonded Strain Gage was 
developed in the late 1930s. Designers 
and engineers soon began to find that 
this tiny, inexpensive device held the key 
to some of their most stubborn prob- 
lems. No longer was it necessary to over- 
design critical machine parts and 
structural members by 400 or 500°, to 
allow for unknown local stresses, to 
cut-and-try component designs because 
the exact nature and magnitude of their 
service loads were not known, or to 
track down and correct repeated service 
failures through trial and error methods. 


Equally effective in measuring both 
static and dynamic strains (0 to 50,000 
cps and higher), the bonded strain gage 
quickly found literally thousands of ap- 
plications in such growing fields as 
aircraft and automotive design, machine 
design and construction, and became a 
familiar tool in virtually every research 
and development laboratory. It has 
provided stress analysts with data which 
made possible lighter, stronger, more 
efficient turbine blades, connecting rods, 
gun barrels, locomotives, bridges, dams, 
artificial limbs, and countless other 
products of our growing technology. 
Probably its greatest contribution has 
been in the aviation field, where it has 
played an essential role in the develop- 
ment of virtually all modern designs. 


THE BASIC 
STRAIN GAGE CIRCUIT 


The change in gage resistance (AR) with 
strain is usually of the order of only a 
few thousandths of an ohm. To detect 
and measure these minute changes ac- 
curately a modified form of the familiar 
Wheatstone bridge is usually used. The 
strain gage, bonded to the surface to be 
tested, forms one of the resistance arms 
of the bridge circuit. The bridge is 
balanced in some manner (e.g., by ad- 
justing R,) with the gage unstrained. 
Resistance of the gage changes with the 
strain. This unbalances the bridge, pro- 
ducing a galvanometer reading propor- 
tional to the strain. In practice, static 
strains are usually measured by rebal- 


ancing the bridge while the strain is 
applied, the calibrated control providing 
a measure of unit strain in microinches 
per inch. 
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Wheatstone bridge provides a simple, 
highly accurate means of measuring 
strain gage resistance. Initial balance 
is achieved by adjusting variable 
resistor Ry. 


Commercial strain indicators, like the 
transistorized, portable unit shown, in- 
clude an internal bridge circuit to which 
the active gage may be connected. When 
anumber of gages 
are involved in 
a test, a multi- 
channel switch- 
ing-and-balancing 
unit is used to 
apply the output 
of each gage in 
turn to a single 
indicator and/or 
recorder. 


Transistorized, portable strain indi- 
cator permits direct reading of strain 
in microinches per inch. Operates 
from self-contained battery or 110 
volt, 60 cycle power. 


SIGNIFICANCE OF “SR-4°” 


“SR-4” is a registered trademark of the 
Baldwin-Lima-Hamilton Corporation. 
It is used to identify all of the com- 
pany’s bonded filament strain gages and 
strain gage instruments. 


The S and R are the surname initials of 
E. E. Simmons and A. C. Ruge, who 
developed the bonded strain gage inde- 
pendently, but almost simultaneously. 
The 4 honors the group of four men who 
initiated commercial manufacture of 
the strain gage. 


Close to a million SR-4® Strain Gages 
are produced every year. These consist 
of over 250 different types, for applica- 
tion in virtually every major industry. 


There is a right gage for every job. The new B-L-H strain gage catalog contains a wealth of infor- 


mation that could be helpful to you in making the right selection. For a free copy, write Dept.17-F. 


Blectronics & Instrumentation Division 


! 
BALDWIN -LIMA:-HAMILTON <2) Te 


Waltham, Mass. 


SR-4® Strain Gages e Transducers e Testing Machines 
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Circle 25 on Inquiry Card, page 89 
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From vest-pocket nuclear generators 
for ocean, arctic and wilderness 
stations —or satellites and 

space systems —to portable power 
reactor systems meeting the 
large-scale requirements of 
military installations, the products 
of Martin's five-year nuclear 
development program are now 
making news...Developed under 
the direction of the AEC, 

the pint-sized 4-pound Martin 
SNAP ITI thermo-electric 
generator was recently singled out 
for commendation by the scientific 
community. Meanwhile, Martin 

is at work on a portable 

nuclear power plant, designed for 
transport by air, to provide 

power and heat for an 

Air Force installation at 


Sundance, Wyoming. 
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BALTIMORE: OENVER: ORLANDO 


Aircraft and Missiles Manufacturing 


The Nuclear Division 
is one of the 
seven divisions 


of The Martin Company 


June 1959 


MINIATURE CONNECTOR 
DS series miniature elec- 
trical connector features insert- 


able contacts, silicone inserts, 
and crimp-type terminations re- 
placing solder pots. 

Completely environmen- 
tal, these lightweight connectors 
are all quick-disconnects. Plugs 
are equipped with exclusive ball- 
lock coupling ring. 


Connector, with crimp- 
type terminations, eliminates 
soldering. Contacts are crimped 
to the wire and “snapped into” 
the connector. The DS offers 
continuous dielectric separation 
without voids, is completely en- 
vironmental up to 30 psi, with- 
stands temperature extremes 
from —100° to 300°F and has 
a contact retention of 25 lb. 
Connector meets or exceeds 
MIL-C-5015. 

Deutsch Co. 


Circle 73 on postcard for more data 


DIAPHRAGM SEALS 
Precision diaphragm 
seals for aircraft, missiles, and 


rockets withstand temperatures 
continued on page 56 
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Ceramic Kilns: Gas-fired peri- 
odic kiln (shown) with temperature 
range to 3250° F. 


Laboratory Equipment: One- 
unit box furnace (shown), muffle 
or for non-oxidizing atmosphere 
with temperature range to 3000° F, 
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Vertical Type Furnaces: Car- 
burizing and hardening furnace 
(shown) with CORRTHERM elec- 
trical heating elements. 


FUN ATC SL 


Aluminum Reverberatory Fur- 
naces: Twin-chamber melting 
and holding furnace (shown) with 
45,000 Ibs. capacity. 


Roller Hearth Furnaces: 
Continuous electric type 
(shown) with temperature 
range 1300° to 2100° F. 


wt rn . I -~ 


Gantry Type Furnace: Verti- - 
cal, controlled-atmosphere, ; 
drop bottom, hardening fur- gee = ] 
nace. Complete installation ars) | 

field-installed by Lindberg. i 
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Melting and Holding Furnaces: 
Electric resistance furnace 
(shown) with capacities of 750 
Ibs. to 1500 Ibs. 


Multiple Row Pusher Furnaces: 
Three-row, vertical radiant tube 


aes. Le El 


Rotary Hearth Furnaces: 
Doughnut type field-installed 
‘gas-fired furnace (shown) with 
capacity of 13,000 Ibs. per hour. 


pusher carburizing furnace 
(Shown). Capacity, 650 Ibs. per 
hour to case depth of 0.055”. 


High Frequency Units: Vertically 
designed, completely automatic 
“HE” unit (Shown) for aluminiz- 
ing automotive valves. 
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FURNACE RAIL FOR FURNACE TRAVEL DRAW 
FURNACES 
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5 HOT WATER 
SALT QUENCH RINSE 
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RAIL FOR FURNACE TRAVEL 


Diagram shows efficient grouping 
of all elements of the installation. 
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Furnace is more than 24 feet high. 
Chain shown at right lifts work 
into furnace. 


Controlled-Atmosphere Drop 
Bottom Hardening Furnace 


for Treating Missile Cases 


This remarkable furnace combination was recently installed by Lindberg 
Industrial Corporation for a prominent missile manufacturer. It was designed 
by Lindberg engineers, in cooperation with the engineering staff of the Lindberg control panels are en 
manufacturer. The furnace is more than 24 feet high and is capable of heat eh amg ee we 
treating rocket cases more than 5 feet in diameter and 20 feet long. The : 

installation consists of the electric, controlled-atmosphere, Gantry type furnace 
and two draw furnaces, a hot water wash tank, a salt bath quench and a 4 Y < 
high nitrogen generator. The Gantry type furnace moves under power over the We 
entire installation to load or unload at any of the pit stations. With this 
installation, production has been economized and speeded, and the metallurgical 
qualities of rocket cases improved. 

Lindberg equipment and Lindberg planning can help you find the most 
effective answer to any problem of applying heat to industry. We cover the } 
field, heat treating, melting and holding, tempering, brazing, enameling 
furnaces, ceramic kilns, high frequency units, and are in the ideal position to 
recommend just the type of equipment most suitable for your needs. This can 
be factory built or field-installed in your own plant, fuel-fired or electric. ma 
Consult your local Lindberg Field Representative (see the classified phone 
book) or get in touch with us direct. Lindberg Industrial Division, Lindberg 
Engineering Company, 2321 West Hubbard Street, Chicago 12, Illinois. Los 
Angeles Plant: 11937 South Regentview Avenue, at Downey, California. 


all 


Pit has depth of more than 20 feet to 
accommodate large rocket cases. 
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Circle 26 on Inquiry Card, page 89 
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4 Fiberglass. Result: precision 
S| 


eee diaphragms. with virtual im- 
materials / components munity to a broad spectrum of 
chemical and physical environ- 
a ments. ta 
Pacific Moulded Products Co. 
Circle 75 on postcard for more data 
from —65°F to 500°F. 
Silicones compounded es- HIGH TEMPERATURE ; 
pecially for diaphragm applica- CERAMIC COATING 
tions are combined with popular High-temperature-resis- 
fabrics such as Dacron and tant organic-ceramic coating » 


dustrial spray equipment. 
Called L-154, material of- 
fers high dielectric strength, 
thermal shock resistance as low 
as —100°F, much greater flexi- 
bility than ordinary ceramics, 
excellent adhesion on metals. 
Dyna-Therm Chemical Co. 


Circle 71 on postcard for more data 


Tas KRIS ie can be applied with ordinary in- - 
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| ROCKET MOTOR HEADS 


One piece hemispherical 
rocket motor heads are available 
in a variety of high-strength 
metals including titanium and 
zirconium alloys, and Chrome- 
moly steels. 

Heads are formed by hot 
rolled spinning on exclusive hy- 
draulic spinner. 

The head and case are 
continuous. Bosses can also be 


Misco’s MONO-SHELL process permits formed integrally with the head. 
manufacture of many new components Titanium Fabricators Inc. 
once avoided by conventional invest- Circle 74 on postcard for more data 


ment casting systems. Castings by 
MONO-SHELL weighing 25 lbs., 12” 
dia. x 6” high, poured in air or vacuum 
by the DOUBLE-V system are common- 
place today. 

Surface qualities in the as-cast condi- 
tion average 70-90 R.M.S. 
MONO-SHELL permits wide selection 
of stainless steels and high temperature 
alloys with improved metallurgical 
Valve casting and its MONO-SHELL qualities and properties. 


Stainless Steels Hi Temp Alloys Vacuum Alloys 
310 304 AMS 5382 AM 355 A-286 Udimet 700 
410 316 AMS 5385 WI-52_ 713 GMR 235 
347 17-4 PH AMS 5388 Vascojet 1000 Waspaloy Rene’ 41 
431 Udimet 500 


Write us for specific data on alloys produced by MONO-SHELL,; or better 
still, submit your drawings to our Engineering Staff for a value analysis. 


“ OM 
i A Vico Pp . Verduine ZT Company 
Plonta in anc CG sf Address laquiries to 
Moaneson, McmGAN MISCO whe Oe San 
Sales Offices in Principal Cities Whitehall 2-1515 


PRODUCERS OF AIRCRAFT AND INDUSTRIAL INVESTMENT CASTINGS 
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Circle 26 on Inquiry Card, page 89 


~ for production 
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TWO INCH SPEED 
TEMPLATE COMPASS 


Two new ball bearing 
action template compasses per- 
mit draftsmen to make perfect 
circles from 1/16 inch to 2 inch 
diam. 

Draftsmen have choice 
of 69 diameters when using 
compass. 

Draftsman’s model is 
graduated in 1/32 of an inch, 
student model in 1/16 inch. 

F. & H. Mfg. Co. 


Circle 82 on postcard for more data 


BEARINGS LUBRICATED 


Redesigned Sonnet roller 
bearing (for milling machine 
overarm support) permits in- 
place lubrication. 

Bearings are easily in- 
stalled in place of usual bronze 
types. They are interchange- 


able, eliminate heating, bearing 


Aircraft and Missiles Manufacturing 


Over- 


seizures, twisted arbors. 
arm system does lubricating. 


Engines can weigh up to 
6000 lb, with -five to 10 ft. 
lengths, and 36 inches diameter. 
Easy changeover of engines is 
accomplished by changing fix- 
tures. 

With X-ray tube on axis 
of engine, machine is traversed 
vertically a distance corre- 
sponding to engine length. It is 
then indexed, traversed verti- 
cally, and scanned by the X-ray 
source. 


Sonnet Tool & Mfg. Co. 


Circle 79 on postcard for more data 


ROCKET ENGINE 
HANDLING MACHINE 


c ‘ 


Barnes & Reinecke Inc. 


Circle 86 on postcard for more data 


VEST POCKET SCRAPER 
AND BURRING TOOL 
Outstanding feature of 
this intrument: cutting edge re- 
tracts fully for carrying. Blade 
adjusts to lengths up to three 
inches; holder is 414 in. long. 


een Eee 


RUMTEMA TETSU ed 


Tool is well suited to burring 
operations in the aircraft in- 
dustry. 


Hydraulically - actuated 
machine handles solid propel- 


Titan Tool Supply Co. 


lant rocket engines during Circle 91 on postcard for more data 


radiological inspection. continued on next page 
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WHEN “‘ULTRA-CLEANLINESS”’ 


al oat - 
CRITICAL’’.. 


; 
s 
, Loe peat i ee : 
- TT ke on 
2 “ 
...use Curtiss-Wright 
Our engineers learned long ago, while perfecting their own 
critical aircraft parts cleaning operations, that building a 
good ultrasonic cleaner is a precision job that calls for the 
best in design thinking. 

As a result, Curtiss-Wright has developed ultrasonic clean- 
ing equipment with performance features not only important 
to production, but absolutely essential to the critical cleanli- 
ness demands of missile components: 
® Uniform cleaning action—no dead areas 
* Complete flow control—immediately sweeps all loosened 

dirt out of the system so it cannot be redeposited on 

the parts 
® Maximum usable power—shortens cleaning time 
® Absolute filtering—easily interchangeable paper filter 


cartridges with sintered metal tramp filters 
* Sealed lid design—lowers solvent loss 


Whether you want to clean small or large parts, sub-assem- 
blies or complete assemblies—whether you have a cleaning 
problem where speed and economic factors are important or 
wherein extreme cleanliness is the prime consideration, our 
engineers have the knowledge and experience to supply the 
equipment you need. 

WRITE FOR LITERATURE 


PRINCETON DIVISION 


In Conada contact CANADIAN CURTISS-WRIGHT LIMITED, 1980 SHERBROOKE STREET WEST, MONTREAL, P.Q., CANADA 
In countries other than U.S.A. and Canada contact 
EXPORT DIVISION, CURTISS-WRIGHT CORPORATION, 50 ROCKEFELLER PLAZA, NEW YORK 20, NEW YORK 
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RECORDERS FOR TESTING 
ACCELERATED LOADS 


Two self-contained re- 
corders aid design and testing 
of material for withstanding 
high acceleration loads of space. 

Triaxial Recording Ac- 
celerometer (TRA-200) senses 
and records data on accelera- 
tion-time history of motion 
along mutually perpendicular 
axis. 

Multiple Recording Ac- 
celerometer (MRA-440) senses 
and records data on the re- 
sponse spectrum (shock spec- 
trum) of motion. 

TRA is 21/16 X 111/16 
X 1% inches. MRA has 2% 
in. diam., 7/16 in. thickness. 
Former weighs six oz., latter 
three oz. 

Leach Corp. 


Circle 89 on postcard for more data 


SPACE ENVIRONMENT 


Chamber simulates en- 
vironmental conditions up to 
100 miles altitude. 

Large size (eight ft. 
diam., 15 ft. long) allows test- 
ing large equipment. 


——-aa 


System is track-mounted. 
Chamber is easily opened or 
cantilevered. 

Scientific Engineering Lab. 


Circle 80 on postcard for more data 
continued on page 60 
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FOR COMPLETE COVERAGE 
OF AIRCRAFT AND MISSILE 
FASTENER REQUIREMENTS... 


ESNA offers all three 


locking devices 


The Red Nylon Locking Collar for maximum 
performance under severest conditions of 
vibration, impact, re-use... to 250° F. 


The Offset Locking Oval for thin- 
walled, lightweight, miniaturized 
fasteners .. . 550° F. and 900° F. 


The “‘Z” or Locking Beam standard of the 
engine industry for high performance at 
very high temperatures . . . to 1300° F. 


Fit the fastener to the application from the 


only complete line of self-locking fasteners 


It takes more than one locking device to cover the 
specialized requirements of the aircraft and missile 
industries. One of the three devices offered by 
ESNA ...and only ESNA ... is sure to have the 
required qualities for each specific application. 

That’s half of ESNA’s story. The other . . . and 
equally important half . . . is the tremendous variety 
of special shapes and sizes available with each lock- 
ing device. Whatever your fastening requirements, 
there’s an Elastic Stop nut designed to do the job. 
Mail in the coupon for design information on the 
full line . . . or recommendations for your particular 
fastening requirements. 


Aircraft and Missiles Manufacturing ¢ June 1959 


ELASTIC STOP NUT 
CORPORATION OF AMERICA. 


Dept. $28-698, Elastic Stop Nut Corporation of America 
2330 Vauxhall Road, Union, New Jersey 


Please send me the following free fastening information: 


(J Visual index: A complete picto- [[] Here is a drawing of our prod- 


rial representation of all stand- uct. What self-locking fastener 
ard Elastic Stop Nuts. would you suggest? 
Name. Title 


Street. 
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for precision 
cutting of the 


. 
most intricate Positive locking, vibration- 


bi 


contours in metals, 


plastics, wood | 


and honeycomb 


materials - 


PARTIAL CUT... 
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an entirely new kind 
of metal-cutting tool!!! 


<—__ compact, lightweight— 


| length, 7%” . . weight, 3 Ibs, 
eS 
“ dependable air motor by 
Est — Buckeye, producers of the 


world’s first successful 
rotary air tools. 


it 
Bam = 


proof depth adjustment, 


corrosion resistant 
protective plating. 


a 


“ | oversize bearing for side 
4 | a thrust cutting force. 
“rs : wat 


‘—_ full shank, full-grip collet. 


wr 

2 ‘ ° ’ 

ae open, “‘clear-view” 
r pee BS construction. 


template guide. 


self-cleaning . . . air exhaust directed 
downward to expedite chip removal. 


5046 SPRING RO PIKE, DAYTON, OHIO 
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RESISTANCE SOLDERING 


AA 


No-are automatic solder- 
ing tool eliminates arcing. It 
provides high-speed, void-free 
connections critical in the air- 
craft and missile industry. 

Hand-operated unit, par- 
ticularly adaptable to soldering 
multiple prong plugs, consists of 
transformer, hand tool with 
pressure-operated switch, and a 
single zirconium-tungsten elec- 
trode. 

General Electric Co. 
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DYNAMIC BALANCER 


Dynamic balancer is said 
to answer 95% of problems en- 
countered in production balanc- 
ing. 

This model (SU-7) has 
wide work handling capability, 
and more than a dozen features 
designed to simplify location of 
unbalance. 

Sensitivity of measurable 

continued on page 62 
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There’s a size and type to handle almost anything that flows 


TO USE SNAP-TITE 
VALVED COUPLING: 


pai 


. — 


—_ 


CONNECT—Full flow instantly 


JEL 


: DISCONNECT—No flow instantly 


eee meee eee eee eee eee eeeeaee 


ST-59-02 
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Snap-Tite can provide the right size valved coupling for most any use .. . with 
quick off-on action wherever coupling or shut-off is required. 


“H” series valved couplings for high pressure applications. High resistance to 
heavy line surge. Sizes from 14” through 6”. Larger sizes on special order. 


“IH” series valved couplings for greater impact in air lines. 4” through 1/4”. 


“E” series valved couplings for vacuum and very low pressure. Recommended 
for gravity flow. Sizes from 14” to 6”. Larger sizes on special order. 


“T” series valved couplings for hard to handle fluids. The only valved quick- 
disconnect couplings now on the market for fluid temperatures from —40°F 
to +400°F. Sizes from 14” through 3”, 


Snap-Tite valved couplings are available with two-way or one-way automatic line 
shut-off. They are normally furnished in alloy steel]. Also available in brass, 
aluminum, or stainless steel with a variety of finishes. 


* 


Write for Snap-Tite Catalog No. 58 
for more information on Snap-Tite 
valved couplings. 


UNION CITY, PA. 
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R/M PYROTEX® REINFORCED PLASTICS 
... DEVELOPED TO ENDURE 
THE FIERY REALM OF THE ROCKET 


Light, strong, heat resistant. . . 
for low-cost, precision fabricated rocket parts— 
both structural and aerodynamic 


Good insulating properties make R/M Pyrotex an excellent materi- 
al for rocket throats, aft insulators, and grain seat rings. Pyrotex 
can be molded or laminated into a wide variety of shapes. 


Looking for a material that will with- 
stand the elevated temperatures gen- 
erated by missiles and rockets—in- 
ternally from burning propellants, ex- 
ternally from aerodynamic heating? 
Must this material have good insula- 
tion and thermal properties, chemical 
and water resistance, and take a 
smooth finish? If so, one of R/M’s 
family of Pyrotex reinforced plastics 
may be the solution to your problem. 


+ 


The many outstanding thermal and 
structural features of R/M Pyrotex 
have led to its use on almost every 
U.S. missile. It has been fabricated 
into parts such as nose cones, fins, 
igniter tubes, rocket throats and sliver 
traps. Its exceptionally good dimen- 
sional stability makes possible mass 
production to precision standards. 
And it is low in cost. Write for addi- 
tional information. 


RAYBESTOS-MANHATTAN, INC. 
REINFORCED PLASTICS DEPARTMENT, Manheim, Pa 


FACTORIES: Manheim, Pa.; Bridgeport, Conn.; Paramount, Calif.; No. Charleston, S.C.; 


Passaic, N.J.; Neenah, Wis.; Crawfordsville, ind.; Peterborough, Ontario, Canada 


RAYBESTOS-MANHATTAN, INC., Asbestos Textiles « Laundry Pads and Covers « Engineered Plastics « Mechanical 


Packings e 
Brake Blocks 


Sintered Metal Products e 
e Abrasive and Diamond Wheels 
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Industrial Rubber 
Clutch Facings e 


Rubber Covered Equipment 
Industrial Adhesives 


Brake Linings 
Bowling Balls 
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unbalance displacement is speci- 
fied at 0.00001 in., with a mea- 
surable maximum _ unbalance 
displacement double amplitude 
of 0.375 in. A range switch per- 
mits direct reading over a range 
of 1 to 10,000 units. 


Micro Balancing Inc. 
Circle 78 on postcard for more data 


FLOW REGULATOR 
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A new externally adjust- 
able flow regulator is available 
for use in laboratories to ascer- 
tain exact flow requirements of 
hydraulic systems. Available 
pressure ranges: from 5 to 6000 
psi. Flow: from .5 gallons per 
minute to 32 gpm. Temperature 
range from —65° to 400°F. 

Vinson Mfg. Co. 


Circle 90 on postcard for more data 


PLATING DEPARTMENT 
IN MINIMUM SPACE 


A specially designed util- 
ity table makes it easy for plants 
and machine shops to set up 
their own selective plating de- 
partments in limited space. 

Because only small 
amounts of electrolyte are re- 
quired, one-liter bottles contain- 
ing metallo-organic complexes of 
many different metals may be 
kept on hand. All these plating 
solutions, styluses, and other ac- 
cessories can be stored in the 
table’s drawers and cabinets. 
The table, 3 ft high, has protec- 
tive covering of polyvinyl chlo- 
ride. Foot controls for both hot 
and cold water free the hands 
for plating. 


June 1959 
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Special rectifier, with 
half-cycle cut-off to prevent arc- 
ing, supplies low-voltage d-c. 

Table accommodates a 
low-speed turning head for hold- 
ing small, symmetrical objects 
such as bearings. The turning 
head allows the part to rotate 
while the plating stylus is 
rubbed against it for uniform, 
precision deposit. 

Dalic Metachemical Ltd. 


Circle 94 on postcard for more data 


EMBOSSED LABELS 


Hand machine makes on- 
the-spot embossed labels for use 
in marking equipment. 

“Midgie” labeler is used 
with wide variety of half-inch- 
wide tapes. It attaches instantly 
with special pressure-sensitive 
adhesive backing. 


When letters are em- 
bossed, raised area changes 
color, contrasts with _ back- 
ground. 


Dymo Corp. 
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COOLANT CLEANER 


Coolant cleaner is low- 
cost, manually - operated mag- 
netic separator for removing fer- 
rous contaminants from grind- 
ing and other metal working 
coolants. 

Unit consists of Fiber- 
glass tray supported by mag- 
netic retainer plate. Heavy 
Alnico magnets and gravity 
tend to collect contaminant in 
regular rows of tufts. Tufts act 
as filters to remove the non-fer- 
rous materials. 


Kebby Co. 
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THE MOST 
IMPORTANT NEWS 
FOR MECHANICAL 


DESIGN ENGINEERS 


It’s not just the high number of new 
jobs open at FPD—but the diversity 
of the opportunities within one or- 
ganization that’s important to your 
future. 


You'll find assignments here in Re- 
search, Development, Final Design, 
Production and Test of almost any 
type of advanced flight propulsion 
system. 


The project range is as broad as the 
industry, as the list at the right 
demonstrates. > 


Equally important to you is the 
strong sense of obligation we feel at 
FPD to give each engineer who joins 
us the maximum opportunity to de- 
velop himself professionally. One of 
the ways we apply this philosophy is 
to match—and re-match assign- 
ments with a man’s abilities and in- 
terests, as his career progresses. 


Most current positions require back- 
ground in turbomachinery D&D; 
some do not, Experience from 3 to 10 years. 


(There are also opportunities at 
Managerial and Specialist levels for 
Aerodynamicists, EEs, ChEs, Metal- 
lurgists, Physicists and Mathema- 
ticians.) 

For more information about Flight Propul- 
sion Division—and the professional and liv- 
ing advantages of the new Cincinnati, with 
its fine, uncrowded schools, some 30 active 
engineering societies, famous symphony 
orchestra...write for illustrated bro- 
chures #50 and #51. For immediate place- 
ment consideration enclose your resume. 


CAREER POSITIONS OPEN 
AT GENERAL ELECTRICS NEW 
FLIGHT PROPULSION DIVISION 


* (44 to be filled each month for 7 months) 


A Partial List of 
DIVISION-WIDE PROJECTS AT FPD 


-+.CJ 805 aft fan engine to power Con- 
vair 600 — Commercial Engine Dept. 


.+-J79, famous powerplant of many appli- 
cations, including F-104A — Production En- 
gine Dept. 


..-J93 development engine with Mach 3 
capability, will power B-70 & F-108 — Jet 
Engine Dept. 


...High Mach, high energy powerplant in 
early development...exotic propulsion sys- 
tems using plasma and ion power sources 
— Flight Propulsion Laboratory Dept. 


ALSO: A turboshaft project...and a well- 
advanced VTOL project for vertical and 
horizontal flight of a fixed wing aircraft... 
and other classified projects of unusual in- 
terest, with both commercial and military 
applications. 


Immediate Openings in these Areas 


Basic Powerplant Design—Turbomachinery 
aero e nozzle design e reliability « perform- 
ance & cycle analysis e installations/appli- 
cations e component design. 


Accessory & Control Systems — Electrical 
component design e mechanical component 
design e servomechanisms e reliability. 


Test, Evaluation & Manufacturing—Test fa- 
cilities engineering e« aerodynamic instru- 
mentation e manufacturing engineering e« 
controls test equipment design. 


Address Mr. Mark Peters, Bldg. 100, Dept. 125-MF 
FLIGHT PROPULSION DIVISION 


GENERAL @@ ELECTRIC 


Cincinnati 15, Ohio 


e June 1959 
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ONLY ACOUSTICA 
ULTRASONIC CLEANERS 
HAVE MULTIPOWER! 


MAJOR BREAKTHROUGH 
IN ULTRASONIC TECHNOLOGY! 


In determining which ultrasonic cleaner to buy, 
remember that all ultrasonic cleaners are not 
alike. There is variation in uniformity of cavitation. 
There is variation in the transducer — and the 
transducer is the heart of an ultrasonic cleaner. 
The Multipower transducer developed by 


‘Acoustica research, multiplies the power and 


efficiency of ultrasonic 


action. Cleaning is faster, labor costs are lower. 


Acoustica ultrasonic cleaners are engineered an 


d produced to the finest 


standards, unequaled in quality and value. Off-the-shelf in capacities 
from 1 to 75 gal. or custom built to 5000 gal. Expert Acoustica engineers 


can help you with your cleaning problems. 
Send for further information. 


AC ous 


Los ANGELES 


HN 
1Ca, 


LEADER IN ULTRASONIC RESEARCH AND DEVELOPMENT 


©1959 By Acoustica Associates, Inc. 
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Acoustica Associates, Inc. 
Dept. AMM, Fairchild Court, Plainview, N. Y. 


Name 


Company. 


cece eerrternesenstnentineeeemnpetinmmmmeinmemee 
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Send information describing advantages of Acoustica ultrasonic cleaners: 
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State 
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CURRENT SOURCE 
SEMI-CONDUCTORS 


Model 5900 constant cur- 
rent source is for measurement 
and testing of semi-conductors, 
thermistors, clutches, solenoids, 
bolometers and many other cur- 
rent sensitive devices. 

Current output is 1MA to 
100MA determined by four posi- 
tion range switch and a continu- 
ous vernier within each range. 
Voltage output is 0 to 100V de- 
termined by load. Safety fea- 
tures include front panel indi- 
cator light for high output volt- 
age. 


Modifications of basic “a 
models include voltage ranges to 
several thousand volts. 

Measurements Research Co. 


Circle 83 on postcard for more data 


ULTRASONIC TOOL 
CUTS, DRILLS, SLICES 


This bench-model ultra- 
sonic machine tool requires less 
than 2 x 4 ft of bench space; yet 
is capable of handling produc- 
tion and experimental machin- 
ing of hard brittle materials 
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RE-ENTRY 
_ SHIELDS 


EST. 


WYMAN-GORDON IS FORGING RE-ENTRY SHIELDS 


Copper in production 
Beryllium in limited production 
Reinforced plastics in development 


WH YPYMAARN - GOR DOn 


FORGING 


ALUMINUM MAGNESIUM STEEL. TITANIUM BERYLLIUM MOLYBDENUM COLUMBIUM 
AND OTHER UNCOMMON MATERIALS 


WORCESTER, MASSACHUSETTS 


HARVEY. ILLINOIS GRAFTON. MASSACHUSETTS FRANKLIN PARK, ILLINOIS 


oe 


e 


DETROIT, MICHIGAN FORT WORTH. TEXAS LOS ANGELES, CALIFORNIA 
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BARCO FLEXIBLE JOINTS 


For Handling 


High Energy y SS a for production» 
i , 7 4 ng a 
Fuels... f y/o os 
. oF, al —_ : 
| Se TS Za) e+ 
' atesee me tend 7 i y a | © 
™ i / , with great accuracy and econ- ia 
42 . = r. > 
SARt@D 2 : . " a omy. 
< \ iY Effective machining area 
“ a <F ranges from 1/64 in. to 1 in. for F 
a 4” SIZE materials such as germanium, 
FL EXIBLE silicon, ferrite, hardened steel 
BALL JOINTS | 4” special stainless steel Barco Flexible and carbide 
i ay ’ JINTS Ball Joint for handling liquid oxygen. ‘ ¢ 
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oxygen, white a”. > . Le EA le yey 
fuming and red bd é , 7 Taal” hy 
fuming nitric 6” size WS os SJ) pf ~~ ' § 7 
acid, and JP 3, - ‘ -¥ 7 — | 
> flanged 6” Barco Ball Joint for use in loadin ¥ 
4, and 5 fuel ae ates te cist ag henel aedrde- : 
ra ry Designated th Model 
=special designs for LOX ree geste pilacorrem 


200-B2, tool utilizes a magneto- 


and other Missile Fuels strictive transducer to provide 


up to 25,000 strokes per second. 


Extensive design and manufacturing experience is yours to Typical operations include 

call upon at Barco for the handling of special liquid fuels cutting, drilling, engraving, slic- 

in the aircraft, rocket, and missile industries: ing, dicing, and production of 
— Flexible Ball Joints for metal loading lines handling corrosive fluids. complex shapes and forms. 


The Sheffield Corp. 


Circle 88 on postcard for more data 


HIGH SPEED DRILLS 


Advance in drilling prac- 


—Special flexible joints with leakproof seals for conveying fluids at 
low temperatures down to -—300°F. Also high temperature 
designs up to +1000°F. 


—Special designs resistant to nuclear energy radiation. 


Barco joints provide flexibility unlimited for piping and tice is the so-called “Cold Point” 
tubing. Our engineers will be glad to work with you on drill. . 
special problems and assist with recommendations. | Among the unique design 
features: use of a carbide insert 
at the tip of the drill; a single P 
Flexible Hydraulic Lines for Missiles, Aircraft — oil passage through the drill and 
_ Barco prod high are heey : Sas 
re. Se etna ear 7 |_| shank; adoption of negative rake 
~_ Ss 3 tubing assemblies for hydrau- Pa for the cutting edges at the tip. 
fs ©. Bim, "iC Pressures to 4,000 psi, - Experimental work dem- 
> = an and higher. Also a wide se- ; a : ;: 
ro age lection of standard and spe- ' onstrated tool’s utility in drill- 
= cial swivel joints and as- ing the gamut of the so-called 
4 semblies for launching and c 
MISSILE LAUNCHER flight gear. Sizes Ye" tol”. exotic metals and alloys at ex- 


HYDRAULIC ASSEMBLY ASK FOR NEW CATALOG 269-A. 


tremely high rates of feed. It 
goes through tough boiler plate 
in a matter of seconds producing 


BARCO _ Serving Industry Since 1908 AIRCRAFT DIVISION _> : 
MANUFACTURING CO., 565G Hough St., Barrington, Ill. — a fine finish. 
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The drill also is recom- 
mended for producing deep holes 
—those that usually require 
gun-drilling and part-way drill- 
ing—in a single pass. 

Mossberg Inc. 


Circle 84 on postcard for more data 


SPINDLES FOR 
ELECTROLYTIC MACHINING 


Machine tool equipment 
can now be converted to elec- 
trolytie finish machining on a 
production basis. 

Illustration shows Spin- 
dle, direct motorized type, 714 
hp, with 3600, 1800, 1200, and 
600 rpm. Its slip-ring is de- 
signed for 3000 amp power sup- 
ply. Slide arrangement has ex- 
posed ways. 

Electrolytic metal re- 
moval is accomplished by D. C. 
electric current delivered by a 
power supply that converts 
A. C. current from an ordinary 
power source to low voltage, 
high amperage D. C. current. 

Standard Electrical Tool Co. 


Circle 93 on postcard for more data 


GAGE EXAMINES WALLS 
OF BORES, WALLS, TUBES 


An optical spindle, 
mounted on a precision ground 
base is used with a standard il- 
luminated microscope. The part 
is placed on the correct size op- 
tical spindle. The microscope, 
focused on the reflector of the 
spindle, reveals the wall’s condi- 
tion. 


Solrac, Ine. 
Circle 85 on postcard for more data 
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New Taylor FIREBAN 321 Laminated Plastic 
is self-extinguishing in only 3 seconds 


Electrical faults in appliances, TV sets, radios, motors and other 
electrical devices frequently lead to fires—and these fires lead to 
complete destruction of the equipment, sometimes extensive dam- 
age to the facilities surrounding it. Taylor FIREBAN 321 is designed 
to retard fire. Self-extinguishing in only 3 seconds—it is an effective 
barrier against the spread of flame. In addition, this flame-retardant 
laminated plastic has excellent moisture resistance, excellent elec- 
trical resistance after exposure to high humidity, and good mechan- 
ical properties; also offers low dielectric losses. These properties 
help prevent the electrical faults that lead to fires. Write TAYLOR 
FIBRE CO., Norristown 50, Pa., for complete details. 


"Taylor 


LAMINATED PLASTICS VULCANIZED FIBRE 


June 1959 Circle 37 on Inquiry Card, page 89 67 


. ee ee ee 
—— — ee 
’t be F : 
This can’t be FIREBAN..: 4 
(Cay *y 
eee ~~» #16 ay, soi Pa 
“Ce 
> 2 ; 

Mm 5S | 
— | "— ie 
af) be — V a —_ 
mee | ye) SS =) 
» .@ Stes a sth 
: Ye (q \g a) ‘ ne 

Beh Pe) Le we, wi a . | 
) i,t: i ati ; : = 4 

, ‘ : A \ : . ae 3 Fi ‘ 
‘ > s ~— . * met A Onis 
‘ -F » aa 2 : 2 
os ia iS ‘ . = ™ 
EF - : wr 
a t . 
" re 


era 


SPIN F FORGE A MISSILE NOSE CONE IN 7! MINUTES 


Duplicate that nose cone in absolute detail thoi usands of times and waste no metal. It can be done; 

but by no other method and By no other machine than a Hufford Spin Forge. These massive, 

fully automated, precision tools can produce most surface-cf-revolution shapes within a tolerance 

of —.002, hoy to a diameter of 6 feet, employing hardest metals of varying or constant thickness 

from .030” to 1”, A giant step forward to assist you in meeting urgent production requirements, 

Hufford ye n Forges may be seen pe so ming daiiy production schedules at the alpen 
f des 


a 
7 

: 

: 


Aircraft Utah facility or at our own El Segundo plant. / spy inits are currer ar 


and construction stages. For pico-tirn tiforieaiie aes ge 
write The Hufford Corporation, 1700 E. Grand Avenue; 
El Segundo, California...a division of The Siegler Corporation. | | qa 
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JACK GRAY, promoted to senior 
contract administrator for Temco 
Aircraft Corp. 


CHARLES P. BOEGLI, appointed 
supervisory engineer for the Cincin- 
nati division of Bendix Aviation 
Corp. 


ROBERT J. WRIGHT, named director 
of marketing for the Mechanical Div. 
of General Mills. 


STEPHEN J. JATRAS, named ex- 
ecutive asst. to the vice president and 
acting director of marketing at Lock- 
heed’s new Electronics and Avionics 
Div. HOWARD S. HAGEN, appointed di- 
rector of industrial relations at the 
new division. 


ROY R. BREWTON, named vice 
president and controller, Convair 
Div., General Dynamics Corp. T. J. 
SULLIVAN, appointed assistant division 
manager-contracts, customer service 
and material at Convair. 


ALLEN F. DONOVAN, a vice presi- 
dent, has been named director of Ad- 
vanced Systems Planning for Space 
Technology Laboratories. 


E. M. HUMPHREY has assumed 
the newly created post of sales mana- 
ger of the Goodyear Tire & Rubber 
Company’s Aviation Products Div., 
Akron, O. 


R. J. PFEIFFER, appointed mana- 
ger of commercial aircraft marketing, 
North American Aviation, Inc. 


THEODORE W. SHIDLER, JR., ap- 
pointed manager of marketing at Gen- 
eral Electric’s Small Aircraft Engine 
Dept., Lynn, Mass. 


HARRY S. MYERS, JR. appointed 
Special Asst. to the Vice President, 
Engineering, Aerojet General Corp. 
DR. ADOLPH OBERTH has joined the 
Solid-propellant Research and Devel- 
opment staff of Aerojet-General’s 
Solid Rocket Plant in Sacramento. 
DR. ROBERT F. BRODSKY has joined the 
Systems Div. as manager, Engineer- 
ing Services Dept., Technical Staff. 
TOM SPRAGUE, appointed to the public 
relations staff at the Sacramento 
Plants. 


JACK F. LEPRE, appointed vice 
president of Reeves Instrument Co., 
subsidiary of Dynamics Corp. of 
America. 


M. E. CAPOUCH, promoted to 
manager of distribution and avail- 
ability; WILLIAM H. GUTERL, promoted 
to manager of marketing at Ameri- 
can Steel & Wire Div., U. S. Steel. 


men on the move 


DR. ERVIN H. BRAMHALL, named 
chief of weapon systems analysis at 
Solar Aircraft Co. CYRUS C. HAYNIE, 
named assistant to the plant manager 
at the San Diego plant. 


K. BUCHELE, appointed chief of 
quality control at the Douglas Air- 
craft Co., Santa Monica Div. 


GEORGE S. COOKE, appointed as- 
sistant director of European opera- 
tions at the Martin Co. European 
Headquarters, Wiesbaden, Germany. 


ALFRED C. HARRIS has joined 
Commercial Shearing & Stamping 
Co., Youngstown, as Mgr. of Sales, 
totoform Products. 


R. B. JOHNSON, JR., appointed 
manager, marketing, of General Elec- 
tric’s Flight Propulsion Laboratory 
Dept., Evendale, O. 


BOYD T. MARSHALL, promoted 
from vice president—engineering pro- 
gram development to vice president— 
general manager of the Technical 
Products Div., Waste King Corp. 


JAY P. SELLICK, appointed assistant 
vice president, United Aircraft Prod- 
ucts, Dayton, O. 


DAVID D. MUNRO, 3rd, appointed 
manager for the electrical and elec- 
tronic laboratories, Commonwealth 
Engineering Co. 


DR. HAROLD L. GARBARINO joined 
Magnaflux Corp. as chief engineer- 
electronics. 


<——— Circle 59 on Inquiry Card, page 89 


Dr. Ervin H. Bramhall! 
Solar Aircraft 


Alfred C. Harris 
Commercial Shearing 
& Stamping Co. 


David D. Munro 3rd 
Commonwealth 
Engineering 


Cyrus C. Haynie 
Solar Aircraft 


R. B. Johnson, Jr. 
General Electric 


Or. 


Harold L. 
Garbarino 
Magnaflux 
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DRIVE SPROCKETS LAN 
| FOR PERFORATED TAPE 


Thesesdrive sprockets are typical of the production of high precision 
machine parts considered a specialty at LaVezzi. They can be manufac- 
tured to your specifications, held to extreme tolerances on pin diameter 
and fegistration, wheel diameter and concentricity, and can include 
hardened steel pins. The program on which you are working may need 
parts of this quality and we invite your quotation requests. Write for 
brochure today. 


4635 WEST LAKE ST., CHICAGO, LLNO!SS ——————— 
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AIRETOOL PNEUMATIC PRODUCTION TOOLS... 
... small but mighty 


Take Airetool pneumatic drills, for instance. Their high-torque 
air motors assure fast, clean drilling, yet these tools are compact, 
lightweight. Easily handled in close quarters. */0, °4 6, %4, %, % 
and */,” models. Airetool angle head drills and midget grinders 
give this same efficient combination of size and power. Another 
good example is Airetool 500-V sander. Uses 7” flexible disc, 


weighs just 45% lbs. Write for Bulletin 67. 


BRANCH OFFICES: New York, Chicago, Tulsa, 
Philadelphia, Houston, Baton Rouge 


REPRESENTATIVES in principal cities of 


U.S.A., Canada, Mexico, South America, “MANUFACTURING COMPANY 


England, Europe, Puerto Rico, Italy, Japan, 
Hawall 


SPRINGFIELO OHIO 


EUROPEAN PLANT: Viaardingen, 
The Netherlands 


e . SS 30 years experience 
CANADIAN PLANT: Brantford, Ontario WD ia Gacenatle toute 


men on the move 


MICHAEL J. MACDONALD, ap- 
pointed director of sales, Craig Sys- 
tems, Inc. 


COL. GREGORY “PAPPY” BOYING- 
TON, USMC RET., appointed vice-presi- 
dent—public relations for Coast Pro- 
Seal & Mfg. Co. 


DR. JACK E. FROEHLICH has been 
named vice president in charge of 
special projects for Alpha Corp. 


FRANK H. SCOTT assumes the 
newly created position of field sales 
manager of the Janitrol Aircraft Div., 
Surface Combustion Corp. 


DR. RICHARD H. VALENTINE has 
become director of research and de- 
velopment with New Departure Div. 
of General Motors Corp. 


ROBERT P. DODDS, appointed dis- 
trict representative at the San Diego 
office, Vickers, Inc. 


Chadwick M. Bowlin Richard W. Hodgson 
Kaynar Mfg. Co. Arnoux 


CHADWICK M. BOWLIN, appoint- 
ed to the sales staff, Kaylock Div., 
Kaynar Mfg. Co. 


RICHARD W. HODGSON, appointed 
president of Arnoux Corp. 


FRANK J. VLASATY, appointed 
director of research engineering at 
Size Control Co., Div. of American 
Gage & Machine Co. 


T. A. SANDSTROM, appointed to 
the newly created position of assistant 
division manager, Kolcast Industries 
Div., Thompson Ramo Wooldridge, 
Ine. 


DR. WILLIAM EWART WILLIAMS 
has been elected to the board of di- 
rectors of the Bulova Research and 
Development Laboratories. 
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DYNAPAK—A NEW DIMENSION IN DESIGN AND PRODUCTION OF METAL PARTS 


The ability of DYNAPAK high velocity metal working machine tools to forge, form or extrude intricate shapes to precision 
tolerances from common or high strength metals, offers new solutions for complex problems of design and manufacture. 


THE DESIGN ENGINEER will find a new degree of freedom in THE PRODUCTION ENGINEER can often accomplish, in a sin- 


design. He is no longer confined by the limitations of conven- gle operation and with simplified tooling, what would other- 
tional forming techniques. He can now more nearly specify wise require multiple operations and complex tooling. With 
the ideal materials, shapes, and tolerances. DYNAPAK, management can realize a substantial long-term 


advantage in capital investment. 
Arrange today to evaluate DYNAPAK for your metal working operations. Write, wire or phone 


CONVAIR /A DIVISION OF GENERAL DYNAMICS CORPORATION 


1243 Transit Avenue, Pomona, California « Telephone: NAtional 3-1561 
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HAN DY ALLOY DATA SHEET ; ALLOY 4 
HANDY & HARMAN ‘ LIST : 
ENGINEERING DEPARTMENT ‘\ / 
82 FULTON STREET, NEW YORK 38, N.Y. ‘. Y 
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Handy & Harman Silver Brazing Alloys 


...The COMPLETE line that meets all specifications and production needs 


Need to join any combinations of metals—ferrous and One Source of, and Authority On Brazing Alloys and 
nonferrous? Investigate the vast number of products, Methods makes —and makes readily available—the fol- 
assemblies and parts that are being joined better by lowing silver brazing alloys: 


silver brazing alloys. Handy & Harman, the Number 


HANDY & HARMAN SILVER BRAZING ALLOYS 


PER CU. IN, 


EASY-FLO 
EASY-FLO #3 


EASY-FLO 45 45 15 
EASY-FLO 35 35 26 21 
SIL-FOS 15 80 fc 
SIL-FOS 5 5 88.75 tek 
FORMER NAME SILVER | COPPER POINT POINT OUNCES 
oF °F PER CU. IN. 
CR 2 ees EE ee eee ee ee ee Oe ee 
EL ES LC ed SC Ee eee ee 
RE OR I ARS A S_OK )h6lUL ee! 
a: 54 WSs GMewiediess SON. bee PA 2k Ee ew I 
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a 2G) GREETS (AE a EN ee 
———————————E 1580 
Por 2 Be oo Se 24 ue a 2 
“DE 2 Pe: Se PPR RE Se ee a 
“ Em BRS: OR Ce ER Re Fe NN 
a a ee a ee ee ee 
a Me ER ( 5% Sn.) ae eee «ee 
a Se BORE OE!) BR | Be el 
«Ee DS Be SSNS ER, i EE ee Cl 
= We RT a SG DR ee 
“603 RT-SN = cc a 
«~~ 630 RSNI 3 28.5 ( 6% Sn.- ja: Be 
eae 
5.06 
| 5.08 | 
ie Se | 
*A Solder—Not a Brazing Alloy 
Space does not permit listing the many special alloys, always ready to work closely with you on metal-joining 
formulated for a particular or unique application. Handy problems and methods. 
& Harman Brazing Engineers and Technical Service are Comprehensive technical literature covering all aspects 


of brazing methods and alloys awaits your request. 


GET THE FACTS FROM 
BULLETIN 20 
This informative booklet gives 
a good picture of silver braz- 
ing and its benefits...includes 
details on alloys, heating 


Source of Supply and Authority on Brazing Alloys: »» rs 


TLANTA, GA. 
BRIDGEPORT. CONN. 


PROVIDENCE, Af. 1. 


CHICAGO. MLL. 
a, alloy. HANDY & HARMAN 3: 
methods, joint design and pro- General Offices: 82 Fulton St., Mew York 38,.M.Y- cacsno. car 
duction techniques. Write for 


your copy. DISTRIBUTORS IN PRINCIPAL CITIES onrneat. canna 
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Instantaneous Heat 


Research story behind lumi- 
nous wall combustion system for heat 
treating furnaces. 

Holden Metallurigical Products 


Circle 114 on postcard for more data 


T58 Progress 
Current development 
aircraft gas turbine. 
General Electric Co 


Circle 131 on postcard for more data 


of T58 


Welding & Cutting Design 
Design features of oxy-acety- 
lene welding and cutting equipment 
and industrial regulators. 
Modern Enginecring Co. 


Cirele 132 on postcard for more data 


Fuel Pumps 
Centrifugal, high pressure fuel 
pumps shown for small airplanes, 
helicopters, military and _ transport 
aircraft. 
Adel Precision Products 


Circle 112 on postcard for more data 


Electric Connectors 
48-pg bulletin describes new 
line of plugs and receptacles in en- 
vironment-resistant construction. 
Crouse-Hinds Co. 


Circle 104 on postcard for more data 


Radiation in Industry 
12-pg booklet on X-rays and 
gamma rays for nondestructive in- 
spection and product testing. 
Picker X-Ray Corp. 


Circle 121 on postcard for more data 


Coupling 
Described: new quick coupling 
with steel lock pins for handling in- 
dustrial liquids, exotic fuels. 
Roto-Lock Couplings Inc. 


Circle 107 on postcard for more data 


Magnesium Alloys 
26-pg brochure on magnesium 
in aircraft. 
Magnesium Products Sales Dept. 
The Dow Chemical Co. 


Circle 98 on postcard for more data 


Tape Control 


How tape 
works. 


control system 


Pratt & Whitney Co. 


Circle 127 on postcard for more data 


Aircraft and Missiles Manufacturing 


Trom the various 


N manutacturers 


Seals-Valves 


Bulletin ASO1—bellows 
Bulletin 


seals. 
HAO2—check valves. 
Sealol Corp. 


Circle 124 on postcard for more data 


Electro-mechanical Equipment 
Bulletin 1300 describes motors, 
actuators, control equipment for air- 
craft, missiles. 
Hoover Electric Co. 


Circle 110 on postcard for more data 


Stainless Steel Handbook 
36-pg book on firm’s commer- 
cial stainless steel sheet and _ strip 
grades, plus corrosion resistance 
tables. 
Washington Steel Corp. 


Circle 113 on postcard for more data 


Gaseous Oxygen Testing 
Story of gaseous oxygen test- 
ing of air and spaceborne components 
and systems. 
Whittaker Controls Div. 
of Telecomputing Corp. 


Circle 128 on postcard for more data 


Advanced Data Displays 
Description, specifications of 
display indicators, flight instruments. 
Waldorf Electronics 


Circle 108 on postcard for more data 


Microscopy Accessories 


1959 catalog-booklet. 
Ernest F. Fullam Inc. 


Circle 96 on postcard for more data 


June 1959 


Speed Measurement 
Line of magnetic-drag tachom 
indicators and generators for 
reciprocating or jet engine aircraft. 
General Electric Co. 
Circle 117 on postcard for more data 


eter 


Corro-bags 
All-purpose cushioned shipping 
bag described. 
Sherman Paper Products Corp. 
Circle 106 on postcard for more data 


Magnetic Tape Recorders 
Instrumentation bulletins 
BJ Electronics 
Borg-Warner Cor p. 
Circle 122 on postcard for more data 


Bronze Castings 
teprints of papers on use of 
bronze castings in the aircraft in- 
dustry. 
Brass & Bronze Ingot Institute 
Circle 100 on postcard for more data 


Replacement Elements 
Engineering data sheet on re- 
placement elements for aircraft main 
fuel line filters. 
Bendix Filter Div. 
Bendix Aviation Corp. 
Circle 133 on postcard for more data 


Shipping Containers 
Re-usable steel and aluminum 
shipping containers illustrated. 
DeVilbiss Metal Fabricators Co. 
Circle 105 on postcard for more data 


continued on next page 
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technical literature listed here 
is available without charge 

from the various 

‘manufacturers 


Accessory Equipment 
26 pg catalog. 
Lyndon Aircraft Ine. 
Circle 95 on postcard for more data 
Rotary Components 
Electrical and mechanical in- 
formation on rotary components. 
Clifton Precision Products Co. 
Circle 103 on postcard for more data 
Armstrong Products 
Adhesives, sealers, coatings de- 
scribed. 
WS Industrial Div. 
at — Armstrong Cork Co. 
of KEE, Circle 119 on postcard for more data 
len 
dled | Electronic Components 
e Eight pg folder on relays, sole- 
y fimerican Beauty | noids, rectifiers, related components. 
Universal Relay Corp. 
The T-12-XF Transformer Type Electric Soldering Iron is a scientifically ; SE SIE Se Ey ee SN Se 
designed, finely engineered tool that is especially intended to do just the | 
kind of soldering job you see being accomplished above. | Engineering & Manufacturing 
Proven best-by-test on many similar applications . . . affords extreme Bulletin 5900-SMD shows how 
flexibility . . . assures a high degree of protection to delicate, expensive Systems Management Div. works. 
electronic components because its hypersil type transformer provides Western Gear Corp. 
complete line-voltage isolation. Circle 116 on postcard for more data 
The cord with which the T-12-XF is equipped is ultra-flexible . . . 
impervious to oil, water and grit. ; 
Tips—elements are Armco ingot iron brazed to stainless steel casings | Hydraulic Tracer Controls 
. 39” (shown), 46”, 4%” and 14” Catalog. 
tip diameters, all same casing | James Engineering & Machinery Co. 
diameters. Circle 130 on postcard for more data a 
The featherweight, pencil type 
handle minimizes operator fatigue Chemical Milled Alloys 
0 ee | Design bulletin no. 8 shows ad- : 


| vances in state of art. 
U. S. Chemical Milling Corp. 


Circle 97 on postcard for more data 


Soldering Irons Are Made In ONE 
Quality Only ...The Best... And 
Only The BEST Gives You The 
MOST! 


Martensitic Stainless Strip Steel 


Booklet 
YOu CAN'T BEAT A SOLDERED CONNECTIQ4, " Uddeholm Co. of America 


Circle 126 on postcard for more data 


WRITE FOR 20-PAGE ILLUSTRATED CATALOG CONTAINING FULL INFORMATION ON OUR 
202-B COMPLETE LINE OF ELECTRIC SOLDERING IRONS—INCLUDING THEIR USE AND CARE. 


DETRO be ICHIGA 


Cobalt 
Second issue of quarterly. 
Cobalt Information Center 


Circle 101 on postcard for more data 


74 Circle 43 on Inquiry Card, page 89 Aircraft and Missiles Manufacturing ¢« June 1959 


designed A ) asing for 
MICRO. / _ — 
MINIATURE JF Zonal — 
( 

ei‘ 
— 


ee 1 a 


Manufacturing & Welding 

Facilities, processes, products 
of manufacturing firm outlined. 
Airline Welding and Engineering Co. 


Circle 111 on posteard for more data 


Spin Forging 
Brochure on spin forging in- 
cludes description, history, state-of- 
the-art, equipment (Hufford Model 
60V225), effects on materials. 
Marquardt Aircraft Co. 


Circle 125 on postcard for more data 


Thermocouple Systems 
Complete data on firm’s ther- 
mocouple systems for advanced air- 
craft gas turbine engines. 
General Electric Co. 


Circle 129 on postcard for more data 


Drafting 
100-pg drafting equipment and 
supply catalog. 
Alfred Mossner Co. 


Circle 109 on postcard for more data 


lochrome 
New pure chromium metal de- 
scribed. 
Chromalloy Corp. 


Circle 115 on postcard for more data 


Synchro-Trace 
Bulletin describes automatic 
3D programmed control system for 
milling. 
True-Trace Sales Corp. 
Circle 99 on postcard for more data 


Resins 
Fast-curing resins for hand 
lay-up work and premix compounds 
described. Brochure also on Uraloy 
7416 chemical-and-corrosion-resistant 
resin. 
Interchemical Corp. 
Finishes Div. 


Circle 123 on postcard for more data 


Koehler Products 
Catalog of valves, filters, ac- 
cumulators for aircraft and missiles. 
Koehler Aircraft Products Co. 


Circle 120 on postcard for more data 


Servo Motors 


Fifth edition of 50 pg publica- 
tion with technical engineering infor- 


mation on servo motors, tachometer © 


generators, motor generators, syn- 
chros. 
Kearfott Co. 


Circle 118 on posteard for more data 
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Helipot Potentiometer 
| Catalog 


Yours for the asking 
...acompendium of the 
industry’s most complete line 

of precision pots...single-turn 
and multi-turn... all-metal 

and economy models... high 
temperature and standard range. 


Complete technical data...even 
environmental specs ...in comparative, 

tabular form to help you pick 
the pot that suits your circuit best. 


Need associated turns-counting 
~  dials...delay lines... trimming pots? 
x They’re here too. 


Ask for Data File F62 


Helipot Division of 
Beckman Instruments, Inc. 
Fullerton, California 
Engineering representatives 
in 29 cities 


potentiometers: dials: 

delay lines: expanded scale 
meters : rotating components: 
breadboard parts 


Beckman /Helipot, 
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Aircraft engine oil strainer, 
one of many aircraft, automo- 
tive, marine and stationary 
engine parts cleaned and de- 
carbonized by the new Narda 
Ultrasonic Vapor Degreaser — 
in less timo and with les> 
chemicals. 


ll 
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NARDA Two-Stage, Low-Cost 
ULTRASONIC VAPOR DEGREASER 


¢ Better cleaning + up to 40 times faster! 
e Increases reliability of all engines and systems 


This new production mode! SonBlaster® Vapor Degreaser, 
originally designed by Narda for the U. S. Air Force, is now com- 
mercially available—and at low cost! Thoroughly and quickly 
degreases and decarbonizes: oil and fuel strainers, pistons and 
rings, valves, spark plugs, carburetors, pumps, bearings and 
parts of all types. 


The SonBlaster Vapor Degreaser is simple and economical 
to use. To degrease: place parts in (1) boiling sump and (2) 
ultrasonic sump (3) flush with power spray, using filtered and 
distilled pure solvent (4) condensing solvent vapor removes any 
residue traces — finished job is the ultimate in degreasing! 


For additional information, please write to Dept. AMM-5. 


SPECIFICATIONS 


Electrical Input: 208/230 volts, 50/60 cycles, 25/20 amps. 
Generator: Delivers 300 watts average; 600 watts peak, 40 kc. 
Transducer: Barium Titanate, 40 kc. Diaphragm, 112 sq. inches. 


Recirculation System: 2 h.p. pump, stainless steel filter; 4509-watt 
heater, thermostatically controlled. 


Valves: Pushbutton, solenoid-operated on all drains. 


Cabinet: Cold rolled steel, baked enamel finish; 16 gauge, 302 stainless 
steel top. (All stainless steel cabinet optional at extra cost.) Over-all 
dimensions, 56” long x 32” high x 231” wide. 


Sumps: Over-all working area, 28” x 16”, 14 gauge, 302 stainless steel, 
heliarc welded. Boiling sump capacity, 7 gals. Ultrasonic sump capacity, 
6 gals. Distillate reservoir capacity, 2 gals. 


Price: $2999 for above model. Other Narda Ultrasonic Vapor Degreasers 
from $1500. 


ea 


sie «Aine Beach a 
eles s 5, Cali f. + DUnkirk 8-220 


Microwave Co poration 
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PRECISION 
TUBE S\—_ City 


BENDING 


MB experience ranges from 
bending simple tubes to fabrica- 
ting complete assemblies like the 
fuel manifold shown, and in- 
cludes machining and bending 
work with corrosive- and heat- 
resistant materials. 

Extensive facilities devoted solely 
to tube bending are contained on 
three factory floors. Equipment 
includes hydraulic tube benders, 
presses, automatic and manual 
brazing and welding equipment. 
Aeronautical inspection tech- 
niques involve X-ray, Zyglo, 
Magnafiux, hydraulic and pneu- 
matic pressure testing equip- 
ment, when indicated, guaran- 
teeing maximum reliability, per- 
formance from parts. 

Satisfied customers are included 
in any list of leading manufac- 
turers in aircraft-missile fields. 
Write for MB facilities booklet 
—or for quotation. 


nMNB MANUFACTURING COMPANY 
A DIVISION OF TEXTRON INC., 1069 State St., New Haven 11, Conn, 


Circle 46 on inquiry Card, page 89 


where to go for 


special 
specia 
steels ? 


TRY J&F_ Research ‘commercial grade special 


alloy steels from Johnston & Funk— 
bridge R & D production gap. 

Close metallurgical control is exercised in producing 
ingots (to 12” diameter), billets, bars, rod, wire, narrow 
strip, foil, and special shapes to order. J & F’s “Vacutrode’’* 
steels are either single or double vacuum melted and exhibit 
closely controlled chemistry, low gas content, little or no seg- 
we - 2tion, and extremely low non-metallic inclusion content. 

For fast, flexible service and certified quality, turn to 
J & F. Write for facilities brochure, catalog, prices, or 
arrange to meet J & F metallurgists. 


Je Johnston & Funk 


METALLURGICAL CORPORATION 
WEST KEMROW AVENUE, WOOSTER, OHIO 
A subsidiary of Mallory-Sharon Metals Corporation 
Examples, ingot, Bar, Billet, Rod: Carbon steels, low alloy steels, low and high 


alloy bearing steels, high-speed steels, high-strength steels, high-temperature alloys, 
and stainless steels. 


helping corporations 


Examples, Wire: Low alloy, high-strength steels and high-temperature alloys, pro- 
duced especially for the aircraft and missile industries, paying particular attention to 
high-surface finish and special packaging. 
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Five ton pylon (left) hangs X-15 beneath B-52's right wing. Umbilical Cannon plug 
(right) connects power and checkout circuits for aligning X-15’s Sperry Gyroscope 
inertial guidance system before launching. Number key: 1. plug is beneath this forward 
end of pylon. 2. actuating mechanism for hook holding X-15 to mother ship. 3. access 
to fwd hook and hook actuating mechanism. 4. lox overboard vent. 5. access to fwd 


hook linkage and breakaway fittings. 6. access panel to front spar attach fitting. 7. pre- 
launch lox test vent. 


X.1 5- THE FLIGHTS X-15, two million man 
hours of engineering effort, is 
held before its shot into space 
by three hooks in pylon under 
B-52’s right wing. Probably late 
X-15 remains tethered to mother ship to 40,000 ft. An 8 x 6 ft. section this month, the hooks will re- 
of B-52’s right wing flap was cut out te make room for X-15’s tail. 


LAUNCHING A NEW ERA 


lease the research aircraft for 
its first unpowered glide tests. 

While it is tethered by 
one forward and two side hooks, 
X-15 is kept alive by feed lines 
maintaining communication, 
electrical power, ventilation, 
heating, breathing oxygen, and 
auxiliary lox fueling (for pow- 
ered flights). 

Via a single Cannon “‘um- 
oa bilical plug,”’ research aircraft’s 


EE 


Aircraft and Missiles Manufacturing ¢ June 1959 77 


1 : 
\ 
i} 
| 
£. nel f me 
RH ean) ) | Saas 
. pines LIES * EY arg ane 
4 fis 
“Ss” oo 
nae Mees 
| eK oe 
7. aa eure a 
es + ‘e.: 2 “a 
e* 7 . [ r. 
AI aie 
igi: 
on a a Perce rv : 
: a ae —— = ee ee eae ; 
Sea — Ot eS ee 
a Te Si a ae * ; 
ie SS) ee >. — 8 
as nen ci a ee | 
e Hun iff | bids > it aoe! si 
- | * ad i w ce . ¢ - -_- - re ‘ 
Pare a ee : a 4 ; ’ PFE AAG di \ : 
— t sssee te ae ; ai F et Pa ‘_ : 
3 -@ i @ ‘ _ i 4 a : f . oe a * ore 3 : t 
ae 4 = ni Jaane: ee eee Se oe a. a e, , _ Pa ote “i cy « ~ — 
4 gies H 7. ei me . Aro oe a 7 oe : 
a Sk : “™— rt ae ; es Ne a , . q ve 
a : a i okt e “ ir? ee . 4 ee z 
el S| sa? ie lg Ae ees 12 
- = vale we? . me . * os paste sh Bead Ber ”) a [3 -_. *. ‘ « t) a ee & a ie “a ik tite 
e 4 - ca da 2 reer ee : ss te oo = 4 ' .X Ep w. “ao oi rn GaAs 
7 Bl ~~ owned 1 2 | . ys Vi . 
s he H | eile aia <<” ape : 4 a af ot i 
a mai F : oe rae ‘ i : ger es =  — se q bad aS 
haa a. eee a a ? 
Pe ) rs 
se 2 7 eae j anil ton —_— Bip - ai “ ——" een ™" j 
: be bess * fiers, . ae ae 
F — “ih > —_—- , 
oe 2 TEE 1 5 
‘~ } 
ee - —— +8 
2 ie : 
ar 
; A ei ; 
a SP sie 1 i tte J 
ds va ee ee Spall ee ee oe) | ee ee or ToeeNCr: sce Oe eg ; a Bie 
: : : aie a aie) a Ge eee eee. a hee RR ae Bete ein —e 
i eee i ge Sy see eg ee RRR ia me 
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’ 
i fi ance system will be aligned from 
; control panel inserting position 
/ | : H-PRESSURE BALL VALVES and altitude information from 
1 a | STYLE H SERIES B-52’s compass and doppler ra- 
Saal 3000 — 4,500 p.s.i. Range dar systems. Dials monitor the 
1 system for malfunctions. 


An estimated 85 per cent 
of X-15’s engine cycle is tested 
before a powered flight begins. 

A push of a button in the 
B-52 and the unique combina- 
tion of pilot, inertial system and 
powerplant “drops into space.” 


Eventual bullet-like pow- 
ered shot to 100-mile-high alti- 
| tude will begin with 90 second 
| rocket-impelled thrust, followed 
| by a research flight lasting al- 
most 30 minutes before landing. 
Controls will not be automatic. 
Pilot must bring her down by 
control decisions made on basis 
of computer information. 

The flights will gather 
data useful to Project Mercury’s 
manned space capsule and the 
Dyna-Soar orbital craft. 


3000-4500 
PRESSURE RANGE 


for ® High-Pressure service 
® High-Vacuum service 
® Handling of hazardous fluids 
® Cryogenic operations 


Tucked under B-52 wing, X-15 is 
vibrated up to frequencies of 30 cycles 
per sec. Small vibrators on X-15 outer 
skin showed no harmful resonance 
between experimental plane, pylon, 
and B-52. 


® Unit-body construction 

* Positively leakproof 

© Full-flow capacity 

® Indestructible in service 

® Corrosion-resistant 

*® Contamination-proof 

® Incomparable size-rating-test-burst 
performance ratio 


— a newly developed and advanced valve design 
with broad industrial applications, available in 
eight sizes — from 4” through 2” tubing or pipe 
threads — with 303 and 316 Stainless Steel or Car- 
bon Steel bodies. Choice of nylon or “Teflon” seats 
and seals. 
Distributors in principal cities. 
For further information, write: Data: Style ‘‘H” Series 


225-8 
JAMESBURY CORP., 130 NEW STREET, WORCESTER, MASS, 
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New compound LC - 800 
combining cork and silicone rub- 
ber is offered by Armstrong 
Cork Company’s Industrial Div. 

Westinghouse Electric 
Corp. reports that a revolution- 
ary method of growing ger- 
manium crystals ready for use 
may lead to outer-space elec- 
tronic equipment 1,000 times 


OUTLOOK FOR MATERIALS 


smaller and lighter than present 
equipment. 

The Office of Technical 
Services reports metal - rein- 
forced ceramic materials raise 
the total load-bearing capability 
of aircraft radomes. Alumina 
composites containing wire 
screen and perforated metal 


pressing, phosphate bonding, 
and ceramic - to - metal brazing. 
Though composites failed sooner 
than homogeneous ceramics, the 
test bars still preserved “consid- 
erable structural integrity.” Im- 
pact absorption of reinforced 
specimens sometimes was ten 
times that of ceramic alone. 


sheets were prepared by hot 


OTS bulletin PB 151015 


can do it now. . 


Complete fabrication, finishing and weldments of 
ALL metals ... for ground handling equipment, 
towers and prefabricated shelters, warehouses and 
utility buildings used in the aircraft and missile 
programs. 


AIRFRAME AND WELDMENTS DIVISION 


. with speed and accuracy! 


CHECK WITH MARTIN 

and take advantage of our 50 years of 
development knowhow aimed at furnish- 
ing your requirements economically and 
efficiently. 


M A RT UE WV steet corporation * MANSFIELD. OHIO 
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3000 RIVER ROAD ° CINCINNATI NATI 4, ‘OHIO 
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Keep Hydraulic Circuits 
in Aircraft and Missiles 


Magnetic Separators 


Small, compact, ruggedly built permanent magnet separators for removal 
of steel particles from circulating hydraulic fluids in aircraft and missile 
fluid power systems. 3000 Ibs working pressure; flow from cither 
direction. 


Liquid flows through 
stack of steel grids 
(left) magnetized by 
two permanent mag- 
nets (‘one shown 
right). “Honeycomb” 
design splits fluid 
stream; fine ferrous 
particles are caught 
on the grid edges. 


Send for S. G. FRANTZ co., Inc. 
BULLETINS PM-37 Brunswick Pike & Kline Ave. 
and PX-2 


P. O. Box 1138 Trenton 6, N. J. 
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Aeroquip 


WEBLOCK 


Straps 


SIMPLIFY HANDLING OF ROCKET THRUST | 


CHAMBERS AT ROCKETDYNE 


Thrust chambers are palletized for handling. 


Use of Aeroquip WEBLOCK Strap Assem- 
blies can solve many materials handling 
problems. At Rocketdyne, division of North 
American Aviation, Inc., a simple nylon 
strap harness was developed to secure 
top-heavy rocket thrust chambers on 
pallets. Harness attachment is quick and 
easy. Tension is automatically locked with 
a pull of the WEBLOCK Strap, released 
with finger touch. 


Outline your aircraft or missile tie-down 
requirements and let General Logistics 
provide simple, low-cost answers. Mail 
coupon below for details. 


Ratchet 
Tie-Down Buckles 


WEBLOCK 
Strap Assemblies 


a 
at 


A DIVISION OF 


AMM.- 
| Ratchet Buckle {_] WEBLOCK Straps 


Wee... 


waeroauip/ CORPORATION 


6 


COMPANY 
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ret 


deals with stabilization of con- 
centrated solutions of hydrogen 
peroxide, with special attention 


to use of sodium stannate in long | 
term storage of H.O. in alumi- | 


num containers. 


OTS 


bulletin PB 


151031 | 


reports promising results of | 


Perkin-Elmer Corp. study of a 


possible high-temperature-resis- 


tant pyrometer to measure tem- 
peratures of combustion gasses 
in jet engines. 


Containers of deep-drawn 
magnesium have been developed 
by Zero Manufacturing Co., Bur- 
bank, Calif. in collaboration with 
Dow Chemical Co. Containers 
have particular electronic appli- 
cations. 


Halocarbon fluorinated 
greases, used as lubricants in 
missile propellant systems, are 
available in milled form from 
Halocarbon Products Corp. 


Grease has zine chromate rust 


inhibitor. 


Defense Materials Sys- 
tem, established six years ago, 
may begin streamlined operation 
next month as result of confer- 
ences between Business and De- 
fense Services Administration 
and representatives of aircraft 


| and missiles and other industries. | 


Low cost finishing mate- 
rial for fabricated metals, called 
“Scotch-Brite,” has been devel- 
oped by Minnesota Mining and 
Manufacturing Co., St. Paul. 
Made of nylon web impregnated 
with fine grades of abrasive 
mineral, it may also reduce time, 
costs in the pickling operation. 


New pipe joint sealer in 
tape form handles most indus- 
trial acids, corrosives, caustics, 
hydraulic fluids and aromatic 
fuels. Available from Crane 
Packing Co., Morton Grove, Ill. 
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Sn DS 
@* = HYDRAULIC 
Production and LIFT 


maintenance jobs 
are made easier, 
quicker and safer 


WORK 
when you use PLATFORMS 
Ballymore Hy- 


draulic Lift Work Platforms. They 
provide a large, firm working area 
between 7 and 20 feet from the floor 
and can be used indoors or out. 
Sturdily constructed of steel and 
mounted on ball-bearing casters. . . 
can accommodate up to 3 men. 
Levelizing jacks at each corner as- 
sure complete stability. 
Hydraulic power raises the formed 
expanded steel platform to any 


height up to 15 feet. Double rack 
and pawl hold the platform at the 
desired working level. 

For complete information, write 
to the Ballymore Company, West 
Chester 27, Pa. 


MOBILE ACCESS 
LIFTS... 
me For working levels 
‘ up to 40 feet above 
ground level. Easily 
positioned, quickly 
elevated, safe. May 
be collapsed for 
mobility through 
restricted open- 
ings. Invaluable for 
a variety of jobs. 
me Write for details. 


ed 
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AIR FORCE ROCKET POWER 


with pressure vessels by Butterworth in 


the instrumentation and launching systems 


In the launching system for the Air Force’s Bomarc, pressure 
vessels custom-designed and custom-built by Butterworth 


assure precise volumetric control of liquid nitrogen. 


Pressure vessels by Butterworth meet the most rigid require- 
ments for high and low temperature operation. Butterworth 
experience in the design and building of molds for Naval solid 
propellants is also available to prime contractors in the missile 
and rocket field. 


Talk to a Butterworth engineer. Or write for “The Butterworth 


Story”, a quick-tour of our complete metalworking facilities. 


BUTTERWORTH 


Division of VAN NORMAN Industries, Inc. 
Metalworking for Industry Since 1820 
H. W. BUTTERWORTH & SONS CO. + BETHAYRES, PA. 


June 1959 Circle 61 on Inquiry Card, page 89 


Fatima 


‘ ™ Re isi ts ee es ali oe aie SS ie > a eo ee ee? cont Min 3) gE ST uo: |e Oe ae eee OURS \y 7 cas “See ate ees Raia Le i 
i a oe Fee ae ee ee ee ee Tr ee 
é - nea gee 3 4 ae “a ie sce ae ic rae are tee eres | 1 pele a) a,” RO) Le ccs Ca 
a te tiore  F cial “ te eae te oe eae ane > Sale ya 2 ater : ft CR See hos ina reigns! ES i ST iro joee ni cen 
a a nee a “i ee ee el eee ee PT Re eS ES 
ie a == wi had a ace Be Spit oa Bre Lat SS ae ee ee en SE eS, TR ig Bs i ee tea eae 
| : 
ar é 
y - .* - oe 
: y a 
a . Jae 
‘ — ee x 
- — a * 
F "4 
, a ; 
: = j ral ; : 
Kz , Se eae he 
Or o Ley 4 nee a 
i 4 oe >. ie o 2 bs 
2 ar 
a ot - i: a ” 
“4 “a ee ea 
, ao~™® > = “ pike Pe, 5" 4 § 
is _ se e i nage ‘ fh . 
oe = <i ., a, 4 
_—  & 6 a MO ft am P f 
. ye ge aaa re t 
fics ~ j y a Lge F 
g s & - a ae. tae is — a ee 
a be ad | ~~ f ‘ hy ar dj "6 iA A 
J os ~ ee SS ee 4 : 
f E ¥ Cia Qa” iz nee 
§ ‘ 7 A ™ , he ae Ai ee 4 be FE, io da ; 
f he —— = g age < a 
: °° 2s — 4 7 # of ‘ “a 
m F ‘ il ‘i ee. ail 
S| — ; rn L-  , 
— i Me , a y 
—— » Me. if “4 
.. 7) dk Z Ss 
Sead: d ‘ ie . b= PAA. i 5 
{ a a ee - a. 
_ © ——— era —— x 
: fi " _ i > d . : 
3 * ‘ . > 
j i —— ” 2) i (ae 
t . ie - i - 
eS i ae _—__ 
. \S ) Vite. ee — « . a 
\ .* ‘ f : Te — Ye 
La wae gee —- ; 
; - \ — oo - ‘ q at 4 x 
" ey) ~ 2 sy - » : 
a \ a. ae bein a 
oak Sk ~*~ ’ a _— —<— a7 
- ek 4 
: - ." i 
%,%, a 
RY, Mi 
i 
fi y y 
- - 
—" VE 
a 
. Pal ‘a 
¥ 
eee 
f 
f = 
ee 
s 
ee | 
*& f 
_ ee 
ath, 
81 
~ is CE A ile Pe te oe pie ” F . aoa er : ieee 
an — ig ee a TT eee ee) ae ee eee a ee fae aN es, Ge ee ee eee oe ov as 3 2 3 Ret 
Ae ¥ se ils apes seo 2 a Ss, age 2 2a. &. gies oe Deine cee. aR) aii 
| Pee ne). ad ks i i RBS I ra on RO, be, a RENE aoe) ry pea” iy: -- A” eee ee eA 


Just One Squeeze with IDEAL’s 
New ‘Custom Stripmaster”’ 
Removes Teflon” and Other 
Hard-to-Strip Insulations 


To help prevent wire nicking and 
insulation damage, these new IDEAL 
“Custom Stripmasters”’ are precision 
drilled on watchmaker’s equipment. 


With Ideal’s new Custom Stripmasters, a light 
squeeze on the handles strips any wire completely 
clean and bare up to a full % inch. 


To help prevent nicking and scraping of wires, the 
Custom Stripmaster’s matched sets of blades are 
precision drilled on watchmaker’s equipment to the 
exact wire sizes. Counterbored blades ride on cut 
insulation to prevent scratching of stripped wire. 
Jaws grip wire firmly to prevent insulation damage. 
3 models available. Wire sizes from No. 10 to 30. 


* Reg. Trademark of DUPONT 


Custom 9% ° nit 2 
) ST OU~00LAEL AS 2 


Patented, No. 2,523,936 


°Y (DEAL 


IDEAL INDUSTRIES, Inc. 
1390-F Park Avenue, Sycamore, III. 


! 

Gentlemen: Please send catalog information on IDEAL’s New | 
“Custom Stripmaster.” | 
| 

| 
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* Package with Confidence 


New Mystik Brand 
Super Flextron Tape No. 6497 
Has Bi-Directional Strength 


An unique packaging tape. Super strength 

bi-directional filaments are an integral part of 

the product—providing equal strength in 
both directions. The tape is water and mois- 
ture proof. Excellent quick stick properties 
and it stays stuck. 

TYPICAL APPLICATION 
and holding heavy machinery parts—sealing 
heavy-content packages for shipment — hold- 
ing loose parts in place for assembly of refrig- 
erators and stoves— heavy banding on corru- 
gated, fiberboard and wooden cartons 
strapping tubes, rods and lumber— banding 
groups of cartons on pallets. Frequently re- 
places steel strapping. 

(Conforms to Government Specifications 

PPP-T-97-Type 11) 

Write for full information on Mystik Super 
Flextron No. 6497 and other Mystik brand 
packaging tapes. 


S: Strapping 


Mystik Adhesive Products, Inc. 
2635 N. Kildare Ave., 
Chicago 379, Illinois 


SELkF-STin 


r TALK 


PROTECTIVE COVERING MATERIALS—TAPES THA 
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THE Stop ex 
Wager AIR SAMPLER 


for your most exacting 


FOR INDOOR OR 
OUTDOOR SAMPLING 


Accurately samples to 1/100 of a 
micron . . indispensable for series 
or unit sampling . . portable . 
inhales an entire area. 

Used to measure air pollutants 
such as radioactive material, 
chemical dusts, smoke and 
smog, and in geodetic sur- 
veys, missiles research, min- 
ing, factory safety pro- 
grams, plant and insurance 
inspections, etc. 


Write for new brochure 


bvszedaawrenesss >">, 


777 FIFTH AVENUE 
BROOKLYN 32, N.Y. 


Dept. A-1 


Toplex co. 
“AIR SAMPLER DIVISION 
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industry notes . . . continued 


FACILITIES 


Hexcel Products Inc. is expand- 
ing its Berkeley, Calif. facility about 
20% by leasing a 20,000 sq. ft. ad- 
joining building. 

U. S. Radium Corp. has moved 
its entire tritium production opera- 
tion to a new one-story facility ad- 
joining its Bloomsburg, Pa. plant. 


The Fairchild Astrionics Div. 
has enlarged its sales, contracts, and 
service operations and combined them 
into one department. 


Babeock Radio Engineering 
added a 25,000 sq. ft. production 
building to Costa Mesa, Calif. facili- 
ties. 


Aeronutronic Systems, Inc. 
plan a second 120,000 sq. ft. building 
for its Space Technology Div. and an 
environmental test building for wse 
by all divisions. Full occupancy of a 
120,000 sq. ft. building by the Com- 
puter Div. is expected this month. 


Newly formed Goodrich-High 
Voltage Astronautics Inc., Burlington, 
Mass., specializes both in R & D and 
manufacture of ion propulsion de- 
vices. 


New PAM Associates, Inc., 
Baltimore, will design and _ build 
equipment to test effects of shock and 
vibration and for noise control. 


Air Products Ine., Allentown, 
Pa., will build a $6-million facility 
near Pittsburgh for production and 
distribution of high purity liquid 
oxygen, liquid nitrogen and liquid 
argon. 


tecently dedicated: Aveo Man- 
ufacturing’s $23-million six building 
Research and Development Center, in 
Wilmington, Mass. 


An Advanced Product Plan- 
ning group has been established at 
Hamilton Standard, div. of United 
Aircraft Corp. 


Electronic Controls Div. of 
General Controls Co. is now located 
in new building in Burbank, Calif. 


Induction Motors Corp. has 
changed its name to IMC Magnetics 
Corp. It has acquired Gray & Kuhn 
Inc., Roslyn Heights, L. I., as a new 
division and is doubling the size of 
the IMC Westbury, L. I. plant. 


Under construction at Edwards 
Air Force Base, Calif—rocket engine 
test stand for liquid propellant 1,- 
500,000-lb-thrust rocket engines be- 
ing developed by Rocketdyne. 


Temco Aircraft Corp. will be- 
gin building a 250,000 sq. ft. climate- 
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controlled addition at Garland, Texas 
for precision work on components for 
missiles and other space age units. 
Temco has formed new Electronics 
Div. and separate Missiles and Air- 
craft and Aircraft Overhaul and 
Modification Divisions. 


NRC Equipment Corp., has set 
up a West Coast engineering office at 
Palo Alto, Calif. 


Linde Co. is beginning opera- 
tion of first section of multi-million- 
dollar oxygen-nitrogen producing 
plant at Pittsburg, Calif. 


The Gabriel Co. is expanding 
into space age activity by construct- 
ing $1-million first plant section of 
large manufacturing plant for pro- 
duction of solid fuel. Located at 
Mesa, Ariz., plant will produce fuel 
for moderate thrust rockets and mis- 
siles. It will be operated by Rocket 
Power Inc., Gabriel’s wholly owned 
subsidiary. 


Aeronca Mfg. Corp. has ac- 
quired by merger Longren Aircraft 
Co., Torrance, Calif. Latter will con- 
tinue to manufacture aircraft com- 
ponents as Aeronca’s Longren-Cali- 
fornia Div. 


Alleghany Ballistics Labora- 
tory is installing a 25-million volt 
betatron for X-ray examination of 
solid propellant for Polaris. The 
betatron, manufactured by Allis- 
Chalmers Mfg. Co., will be first of its 
type in the missile field. 


Piasecki Aircraft Corp. is mov- 
ing towards greater diversification by 
new Mayfield Electronics Div., May- 
field, Pa. Facility includes 65,000 sq. 
ft. of manufacturing area. 

New Systems research activity 
is functioning at La Jolla, Calif. for 
Defense and Technical Products Div. 
of Rheem Manufacturing Co. One of 
chief avenues of approach: applied 
research in the mathematical phase 
of complex problems. 


Hughes Aircraft Co. is now op- 
erating a complete service of plan- 
ning, designing, engineering and con- 
structing radiation facilities and ra- 
diation laboratory equipment. 

New international subsidiary of 
Lockheed Aircraft, to be known as 
Lockheed Aircraft International, will 
develop coordinated aviation pro- 
grams abroad. 


Cessna Aircraft Co. doubles 
size of Hutchinson, Kan. plant in 
planned 158,000 sq ft expansion of In- 
dustrial Products Div. 
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STRUCTURAL 
TEST 
ENGINEERS 


NAA has immediate openings 
for senior engineers to work 
on such top-level projects as 
the B-70, F-108 and the rocket 
ship X-15. 


As part of our expanding 
organization, you ll manage 
elevated temperature test 
projects, including planning 
and design: conduct tests and 
report results. 


INSTRUMENTATION 
ENGINEERS 


If you know instrumentation 
and equipment limitations, 
and are experienced in the 
design of setups, there is a 
career for you measuring 
strains, static and dynamic 
loads, temperatures and 
deflections. 


Write to: Mr. L. F. Stevenson. 
Engineering Personnel. North 
American Aviation, Inc., Los 
Angeles 45, California. 


NORTH i. | 
AMERICAN ANA 


AVIATION, INC. 
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Precisely Regulated for 
Missile Testing and 
General Use 


SILICON 
POWER 
SUPPLIES 


available in 30 standard- 
ized and militarized models 
from 30 to 1500 amps. 
6 to 135 volts. CHRISTIE’S 
QUALITY CONTROL is 
approved by the A.E.C., 
leading aircraft and missile 
manufacturers. 

Write For Bulletin AC-58-A 
ELECTRIC CORP. 
3410 W. 67th Street 
Los Angeles 43, Calif. 
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CONTRACTS 


Douglas Aircraft is prime 
contractor for 12 “Delta” launch- 
ing vehicles slated for use in 
1960 and 1961. The $24,067,500 
NASA contract looks to Delta 
(same 3-stage configuration as 
Thor Able, plus improved guid- 
ance) as interim vehicle until 
larger boosters are developed. 

The Air Force picked 
Douglas to design the “Bold 
Orion” ballistic air - to - surface 
missile. No dollar value was dis- 
closed on the contract. 

NASA awarded Convair 
Div. of General Dynamics $33.5- 
million contract to design, build, 
test and launch Vega-advanced 
booster for lunar and planetary 
investigations. First test flights 

| are expected late next year. 
The Army’s lightweight 
surface - to - surface missile for 
close-in troop support, “Shille- 
lagh,” will be developed by Aero- 
nutronic Systems Inc., Glendale, 
Calif. Operational date: about 
mid-1960’s. Total contracts to 
firm are expected to run about 
| $23-million. 

Bendix Aviation received 
$28.3-million Navy contract for 
Talos production, two other 
Navy contracts totaling $12.9- 
million for missile engineering 


| missiles. 

The Army awarded West- 
ern Electric Co. $8,671,000 for 

research and development on 

| Nike Zeus. Work will take place 


pany, N. J.; Douglas Aircraft, 
Santa Monica; Continental Can 
Co., Coffeeville, Kan.; and Good- 
year Aircraft, Akron, O. 
Other missile contracts 
all from NASA went to Bell Air- 
craft, $1,200,000 to continue 
studies on high-energy rocket 
propellants ; Chance Vought Air- 
| craft, $945,000 to build airframe 
| of Seout rocket and integrate its 
four solid rocket stages ; General 
Electric, $4.12-million for Proj- 


Aircraft and Missiles Manufacturing « 


and procurement of prototype | 


at Bell Telephone Labs, Whip- | 


| 


ect Vega second stage rocket 
engine; North American Avia- 
tion, $930,000 for destruct sys- 
tem for Project Mercury and 
design of its ground support 
transport vehicles and launch- 
ers. Radio-plane Div., Northrop 
Corp. received $60,000 for Mer- 
cury’s landing and recovering 
system. 

General Chemical Div., 
Allied Chemical, received $750,- 
000 from ARGMA for research 
on high energy oxidizers for ad- 
vanced solid rocket propellants. 
Army gave Longhorn Div., Thio- 
kol Chemical Corp., $11,900,165 
for rocket motors and plant 
maintenance. 

In aircraft contracts, the 
Navy awarded the Martin Co. 
$15,400,000 to modernize 28 


“A.N.D.” and “M.S.” 
HYDRAULIC CONTOUR 
CUTTERS in stock 


A.N.D. 10050 internal | MS33656, MS33657, 


py MS33514, and } 
7 4 MS33515 0.D. fiat 4 
— a form tools 4 
| —— a 
Economy series; ma =" y 


t 


integral plain pilot 


Carbide tipped 
High speed steel 


MS33514 internal 


Turret lathe and 
drill press series; 
integral carbide 


reamer pilot 

 — . Solid carbide, carbide 
: J tipped, high speed 
= @)3 steel models 

oa - 


MS16142 internal 


anf oa S.A.E. 
Ss 


Carbide tipped; plain 
or reamer pilot 


SONNET Tool and Mig. Co. 


571 North Prairie Avenue, Hawthorne, California 


Heavy duty series; 
replaceable carbide 
reamer or plain pilot, 
carbide and HSS 


Write for sizes and prices. 
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P5M-2 ASW patrol seaplanes at 
the Baltimore Div. North Ameri- 
can Aviation received a $19,300,- 
000 Navy follow-on contract for 
production of T2J-1 basic jet 
trainers at Columbus, O. Cleve- 
land Pneumatic Industries re- 
ceived multi-million-dollar con- 
tracts from North American 
Aviation to develop and manu- 
facture the landing gear for the 
B-70 bomber and the F-108 long- 
range interceptor. The landing 
gear projects will involve firm’s 
divisions at Cleveland, Kalama- 
zoo, and Grand Rapids, Mich., 
plus the Advanced Systems and 
Development Div., El Segundo, 
Calif. 


The Air Force awarded 
Douglas Aircraft a $600,000 con- 
tract to develop Douglas’s Ma- 
terials Handling Support Sys- 
tem. Douglas will work with 
I. B. M. and Arthur D. Little on 
the nine month project. 


Westinghouse Electric 
Corp. received $2-million devel- 
opment contract from ARDC’s 
Wright Air Development Center 
for research to design minia- 
turized electronic equipment 
from uniform flat germanium 
crystal ribbons “growing” in 
exact shape for use. 


TRIPLES THRUST... 


Large-scale production of 
liquid hydrogen is underway un- 
der Air Force contract by Air 
Products Inc., and Stearns Roger 
Manufacturing Co. 


PICKS PICKABACK .. . 

The Assistant Chief En- 
gineer of Bristol Siddeley En- 
gines Ltd. reports that a proj- 
ect study shows a two-stage 
“pickaback” aircraft reaching 
Mach 7 merits “serious consid- 
eration.” First stage 240,000 lb 
aircraft would launch 160,000 
Ib hypersonic stage at Mach 4 
and 90,000 ft. Latter would 
reach Mach 7 and 140,000 ft. 


Aircraft and Missiles Manufacturing 


BEFORE BRUSHING 


Jet engine part formerly 
hand-filed and emery- 
rubbed to remove burrs and 
sharp edges. Hand-finishing 
time: 45 minutes. 


AFTER BRUSHING 


Burrs thoroughly removed... 
edges and surface junctures 
blended to 6-8 microinches. 
Each part precision-finished 
quickly, uniformly. Osborn 
Brushamatice finishing time: 
6 minutes. 


6 minutes to microfinish this 
jet engine part! 


...it's 7% times as fast with OSBORN Brushamatice Methods 


THESE JET ENGINE PARTS are microfinished at 
low cost, automatically—at high production 
rates on Osborn Brushamatice $1-3L Machine. 
Three Osborn Fascuta brushes (with com- 
pound) operating at 1750 rpm do the job. 


T used to take 45 minutes to hand-finish this 

precision jet engine component. Today, this 
leading jet engine manufacturer does the job in just 
6 minutes with Osborn Brushamatica Methods. It's 
7% times as fast and results in significant dollar 
Savings. 


Slow hand-finishing still left scratch marks to 
cause possible stress fractures. But, rapid Brush- 
amatic® finishing produces a precision 6 to 8 micro- 
inch surface... automatically removes burrs... 
blends sharp edges and surface junctures. 


Result: a fast, economical, precision Brush- 
amatic® finish that reduces stress concentration 
areas. Uniform, high-quality parts are produced 
at high production rates. 

It's typical of how Osborn Power Brushing 
works to help you speed production. . . cut costs 
... improve product quality. An Osborn Brushing 
Analysis, made in your plant at no obligation, 
will show you how. Write or wire us for details 
—and for your copy of the 20-page Brushamatic® 
booklet. The Osborn Manufacturing Company, 
Dept. AM-5, Cleveland 14, Ohio. 


BRUSHING MACHINES * BRUSHING METHODS 
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STRUCTURES 
ENGINEERS 


Exceptional opportunities are 
available for Structures Engineers 
on our B-70 and F-108 weapon 
systems and X-15 manned space 
aircraft. 


Stress Analysis — Rigorous design 
requirements necessitate extensive 
structural investigation of the in- 
fluence of high temperatures and 
unconventional external loadings. 
Stress engineers concerned with 
such structures will have the op- 
portunity to utilize their technical 
knowledge to the fullest extent in 
the development of new analysis 
methods. 


Load Analysis—( orresponding de- 
mands on the structural loads 
engineer have also created unique 
careers with significant potential 
in the fields of dynamic loads, 
aeroelastic loads, loading spectra, 
flight load data analysis, and digi- 
tal and analog computer program- 
ming. 


Weight Analysis—Exacting air 
vehicle performance requires the 
optimization of structural design 
layouts to produce the lightest 
weight configurations. Weight 
engineers with experience in stress 
analysis are required for the 
formulation of advanced weight 
estimation and control procedures. 


For details about these positions 
please write: Mr, L. F. Stevenson, 
Engineering Personnel, North 
American Aviation, Inc., Los 
Angeles 45, California. 


THE LOS ANGELES DIVISION OF 


NORTH 
AMERICAN 


‘ 


AVIATION, INC. 
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TERRA-SCOPE 


Spacesuit for X-15 pilot, 
primarily for protection in emer- 
gency escape, was put together 
with new, classified manufactur- 
ing method. Aluminized suit, 
which allows easy movements 
and only pressurizes if cabin de- 
pressurizes, was developed by 
David Clark Co. for Aero-med- 
ical Lab at WADC. Back Pack 
manufactured by Firewel Co., 
Buffalo, N. Y., is only 15 in. x 
17 in., 144 in. thick. This would 
regulate oxygen pressure in suit 
in emergency. Present contrac- 
tor for space helmet: Bill Jack 
Scientific Instrument Co., So- 


| lana Beach, Calif. 


Bell Aircraft’s unique re- 
action control system for X-15 
will also be used for Mercury 


| space capsule. 


| and 


|in Bell 


| manufactures 


Details of the Bell sys- 
tem: Silver screen catalyst de- 
composes hydrogen peroxide to 
provide steam jets for wing-tips 
nose. Replacing aerody- 
namic controls when X-15 bursts 
beyond earth’s atmosphere, sys- 
tem was first tested successfully 
X-1B for NACA at 
Edwards Air Force Base. Bell 
thrust chamber 
assembly, composed of chamber, 


| check valves and the catalyst 


assembly. 
© 
X-15 program may last as 
long as five years with repeats 
of 100-mile high shot which 


should take place about the mid- 
dle of next year. 


Highly miniaturized am- 


plifiers are uniquely designed 


| within the gimbal structure of 


X-15’s inertial guidance plat- 
form instead of in a separate 
amplifier rack, as with more con- 


| ventional systems. Instead of a 


Aircraft and Missiles Manufacturing « 


“black box,” computer is white, 
as is gimbal structure. 
* 

18 lb heater to protect en- 
gine fuel against icing has been 
developed by AiResearch Manu- 
facturing Div. of the Garrett 
Corp. It uses hot engine com- 
pressor bleed air ducted through 
air-to-liquid heat exchanger. 

. 

Federal German Republic 
will manufacture under license 
the Bristol Siddeley Orpheus 803 
turbojet engine. It is powerplant 
of the Fiat G-91, also to be man- 
ufactured in Germany under li- 
cense as standard NATO tactical 
strike fighter. 

e 

Lockheed Aircraft is 
prime contractor for first opera- 
tional monorail system for mass 
urban transportation. The $5- 
million system, including three 
“airtrains,” will be part of Seat- 
tle’s Century 21 exposition open- 
ing May, 1961. Lockheed design 
uses aircraft weight economies 
for vehicles mounted on rail 


above street. 


Price tag on air-launched 
Genie rocket: $234,000 for war- 
head, $7,000 for carrying ve- 


hicle. “ 


First Hawk unit will be 
activated at Fort Bliss, Texas 
this month. 


First step has been 
achieved in establishing basis 
for interchange of costly engi- 
neering data among the military 
departments and their contrac- 
tors, Uniform specifications 
(MIL - D - 70327), developed by 
DOD and industry, replaces 158 
specifications formerly used in 


military procurement. 
se 


Ryan Aeronautical’s 
KDA-4 Firebee jet drone is now 
operational. 
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WEBBER ENVIRONMENTAL CHAMBERS—YOUR ASSURANCE OF RELIABLE PERFORMANCE 
© 


Webber 360 c.f. Environmental Chamber for 
processing stainless steel honeycomb with con- 


vection fluid. 


Webber 27 c.f. 


Environmental Chamber for 
stabilization of steels, 
component testing, calibration of 
instruments, transformation of 
austenite to martensite, nuclear 
radiation testing, shrink fitting, 
processing and storage of solid 


fuels. 


Webber 12 c.f. Environmental Chamber 
for testing diodes and electronic com- 
ponents. Sufficient capacity to process 
90 Ibs. of diodes from +3550F to 
—65°F in 30 minutes with programmed 
repeated cycles. Available in other 
sizes, temperature ranges and humidity. 


aircraft 


Webber Portable Environmental Cham- 
ber for vibration units. Temperature 


range —I25°F to +5000F. Inside di- 
mensions 24" x 26"' x 24". Other sizes ; 
and temperature ranges available. $ 
ATMOSPHERIC 
xnort®? SOND, >, 
<o™ ons 
y a, Write 
for your 
free copy 
of our 
28-page 
fp brochure. 


Aircraft and Missiles Manufacturing 


WEBBER MANUFACTURING COMPANY, INC. 
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Webber 36 c.f. Altitude Chamber. Tempera- 
ture —1I30°F to +350°F; Altitude 0 to 
150,000'; Relative Humidity 20 to 95%. 
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Webber 576 c.f. Environmental Cham- 
ber. Inside dimensions |2' x 8' x 6' for 
storage of aluminum sheets and com- 
ponents to prevent age hardening. 


Webber 50 Canister Rivet Cooler. Tempera- 
ture range from ambient to —50°F, Other 
applications such as storage of resins, phar- 
maceuticals, and rubber. 


— 


Webber 2,940 c.f. Environmental Chamber. Inside dimensions 30° 
x 14 x 7' for processing stainless steel honeycomb, using air 
convection. 


Webber Environmental Chambers available in any size with combination 
temperature ranges to —2250F, utilizing mechanical refrigeration. Heat- 
ing cycle and explosion proof features optional. 


WEBBER: 


environmental chambers 


Covered by: Patents No. 2,385,667; 2,709,340; 2,718,762; 2,739,453; 
2,749,723; 2,851,864. 


P.O. BOX 217 


INDIANAPOLIS 6, IND, 
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june 5-6 

annual meeting 

army aviation assn. of america 
shoreham hotel, washington, d.c. 


+ 


june 8-11 

semiannual meeting and 
astronautical exhibition 
american rocket society 

el cortez hotel, san diego, calif. 


This Advertisers’ 


Every care will be taken to index correctly. 


AMP Inc. 1 
Acoustica Associated, Inc. ' 64 
Airetool Mfg. Co. 4. ee 70 
Air Reduction Sales Co. 35 
Amchem Products, Inc. 39 
American Brakeshoe Co. 38 
American Electrical Heater Co. 74 


Baldwin -Lima-Hamilton (Elec- 
tronics & Instrumentation Div.) 51 


Ballymore Co. ._.. hee 80 
Barco Mfg. Co. j 66 
Beckman Instrument Inc. 75 
Black, Silvalis & Bryson Inc. 48 
Brunswick-Balke-Collender Co. _. 4 
Buckeye Tools Corp. 60 
Budd Co. (Tatnall Measuring Sys- 

tems Co.) 36 
Butterworth Div. Van Norman, 

Ind., Inc. 81 
Chicago Pneumatic Tool Co. 18-19 
Christie Electric Corp. .. 84 
Clearing Div. of U. S. Indus- 

tries, Inc. .... Back Cover 
Colonial Rubber Co. 17 
Convair Div. . i 71 
Curtiss-Wright Corp. . 58 
Dynapak Div. of Convair 71 
88 


june 12-21 
23rd french international air show 
le bourget, paris 


june 14-18 

semiannual meeting 

american society of mechanical 
engineers 

chase-park plaza hotel, st. louis 


index to advertisers 


Elastic Stop Nut Corp. of America 59 
Electronic Specialty Co. 
Inside Front Cover 


Frantz Co., Inc., S. G. 79 
General Electric Co. 


Flight Propulsion Div. . . 63 
General Logistics Div. Aeroquip 


a 80 
Hamilton Tool Co. 50 
Handy & Harman 72 
Hi-Shear Rivet Too! Co. 13 
Hufford Corp. 68 
Ideal Industries, Inc. 82 
Jamesbury Corp. ; 78 
Johnston & Funk Metallurgical 

Corp. 76 
La Vezzi Machine Works 70 
Leonard, Inc., Wallace O. 25 
Lindberg Engineering Co. 54-55 
Linde Co. Div. UCC 

Electric Welding 37 

Flame Plating 33 
MB Mfg. Co. , 76 
Martin Co. 52-53 
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june 16-17 

industry, missile and space conference 
michigan aeronautics and space asso. 
sheraton-cadillac hotel, detroit 


+ 


june 16-18 

symposium on solid propellants 
AFOSR/Aeronauticail Sciences 
Directorate, ONR, OOR 
washington, d.c. 


+ 


june 16-19 

national summer meeting 

institute of the aeronautical sciences 
ambassador hotel, los angeles 


+ 


june 23-25 

33rd meeting 

aviation distributors and 
manufacturers assn. 

st. francis hotel, san francisco 


a4 


august 3l-sept. 5 

10th annual congress 

international astronautical federation 
church house, westminster, london 


index is published as a convenience, and not as part of the advertising contract. 
Ne allowance will be made for errors or failure to insert. 


Martin Steel Corp. .__. 79 
Matthews & Co., Jas. H. .. 3 
Misco Precision Casting Co. .. 56 


Mystic Adhesive Products, Inc. 82 
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North American Aviation Inc.. 83, 86 
Osborn Mfg. Co. ..... 85 
Pure Carbonic Co. . , 40 


Purolator Products Inc. 
Inside Back Cover 


Raybestos-Manhattan Inc. 


(Reinforced Plastics Dept.) 62 
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Sidney Machine Tool Co. . 30-31 
Snap-Tite . re 61 
Sonnet Too! & Mfg. Co. . 84 
Standard Electrical Tool Co. 79 
Staplex Co. ....... , 82 
Tatnall Measuring Systems Co. 36 
Taylor Fibre Co. ... 67 
Victor Equipment Co. 34 
Webber Mfg. Co. 87 
Wyman-Gordon 65 
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Mission: MAN IN SPACE 


Filter Application: PROTECT HYDRAULIC CONTROLS 
Filter: PUROLATOR 


A malfunction in the lines of the hydraulic and pneumatic controls of 
the X-15 could send it off its programmed trajectory . . . alter the angle 
of re-entry . . . cause deviation from the ballistic arc. 

Purolator filters are on the X-15 to protect the control systems. Three 
new filtering applications were worked out for North American Aviation, 
designers and builders of the X-15, by Purolator engineers to meet the 
space-age requirements of the manned missile. 

Filters for crucial aircraft and missile requirements are a specialty at 
Purolator ... and every application is considered as crucial as those on 
the X-15. Draw on Purolator’s experience to help you handle your filtra- 
tion requirements. A phone call or a descriptive letter, with plans or 
blueprints, will receive prompt attention. 


Circle 2 on Inquiry Card, page 89 


Filtration For Every Known Fluid 


PUROLATOR 


PRODUCTS, INC. 


Rahway, New Jersey and Toronto, Ontario, Canada 


Circle 3 on Inquiry Card, page 89 —__—_» 
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